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ANATOMY  OF  VERTEBRATES. 

CHAPTER  XXVII. 

MUSCUL.\U  SYSTEM  OF  MAMMALIA. 

The  muscular  tissue  in  the  present  as  in  the  preceding  Vertebrate 
classes  presents  the  two  conditions  of  striped  and  unstriped  elemen- 
tary fibres  : the  striped  kind,  comprising  all  the  voluntary  muscles 
with  those  of  the  heart,  are  red : deeper  coloured  in  Cetacea  and 
Carnivora  than  in  Unffulata : deeper  in  the  pectoral  muscles  of 
Cheiroptera  than  in  those  of  the  legs  : paler  in  the  pectorals  and 
other  muscles  of  the  fore-legs  of  the  Kangaroo  than  in  the  ‘ psoas  ’ 
and  those  of  the  hind-legs  : jialest  in  some  Rodentia. 

§ 1 92.  The  Diaphragm. — The  chief  characteristic  of  mammalian 
myology  is  the  diaphragm,  vol.  ii.,  fig.  139,  d,  which,  as  such,  is  not 
more  completely  developed  in  Man  than  in  the  Monotreme.  It  is 
the  partition  between  the  thoracic  and  abdominal  cavities,  fig.  1, 
vaulted  and  convex  toward  the  thorax,  fig.  2,  and  consists 
of  cameous  and  tendinous 
parts,  the  latter  chiefly  in 
■w  the  expanded  or  ajxineuro- 
tic  form.  The  cameous  fas- 
ciculi are  divided  into  the 
‘ costal  ’ or  greater  and  the 
‘ vertebral  ’ or  smaller  mus- 
cles. The  costal  portions 
arise  from  the  ensifomi 
cartilage,  and  those  of  the 
eighth  to  the  twelfth  ribs, 
by  fasciculi  which  inter- 
digitate  with  those  of  the 
‘ transversalis  abdominis  ’ 
mil.Scle.  They  ascend  and  Hunmn  dui>hr»gm ; ■bdomlnal  iurfaco. 

expand,  arching  and  con- 
verging to  be  inserted  into  the  external  ‘ ligamcntum  arcuatum,’ 
VOL.  III.  B 
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fig.  1,  </,  and  into  the  a|>oneiirosi3  called  ‘centrum  tcndincum’ 
or  ‘cordiform  tendon,’  ih.,  t.  This  centre  is  widely  noteheil 
toward  the  spine,  and  divided  anteriorly  into  three  tracts,  of  which 
the  right  is  usually  the  largest.  Between  the  right  and  middle  tracts 
is  the  orifice,  c,  for  the  inferior  vena  cava  (‘postcaval’  of  Mam- 
mals). Behind  the  tendon,  and  to  the  left  of  the  median  line,  is 
the  orifice,  e,  for  the  msophagus  and  jmeumogastric  nerves : the 
^ aorta,  a,  j)asscs  from  the 

chest  to  the  abdomen  be- 
tween the  ‘ crura ’ of  the 
lesser  muscle.  The  right 
‘ crus  ’ in  Man  arises  from 
the  three  or  four  upper  lum- 
bar vertebra; ; the  left  crus 
does  not  di-scend  so  low  : 
both  nuiscular  bundles  cx- 
j)and  a-s  they  rise,  decus- 
sate at  the  a'sophagcal  open- 
ing, and  are  inserted  into 
the  posterior  concavity  i>f 
the  central  tendon  and  in- 
ternal lig.imcntum  arcua- 
tum,  fig.  1,/. 

Tlic  diaphragm  is  most  muscular,  longest,  and  most  oblique  in 
Cetacea,  in  wbich  the  ccntr.al  tendon  is  almost  obsolete:  by  rising 
80  far  back,  it  permits  the  projK)rtional  extension  of  tbe  lungs, 
whicb  in  the  Dugong  and  ^lanatee  act  :us  air-bladders.  In  the 
j>criss(Klactyle  Ungulates,  in  which  the  moveable  ribs  arc  numerous 
and  continued  to  near  the  judvis,  the  diaphragm  is  also  extensive, 
and  much  arched  toward  the  thorax. 

§ lO.'l.  Mttsclfg  of  Monotremata. — To  give  an  account  of  the 
muscular,  ns  fully  as  that  of  the  osseous,  system  of  the  Mammalia, 
would  not  I)c  attended  with  the  same  advantages,  even  if  a detailed 
myology  coiii|K)rted  with  the  8Coj>e  and  extent  of  the  ])rosont  work. 
This  |)art  of  Mammalian  anatomy  will  therefore  be  limited  to  the 
notice  of  a few  select  examples.  Fig.  .3,  from  Meckel,'  shows  the 
more  remarkable  muscles  of  the  Ornithorhynchus.  The  animal  is 
dissected  from  the  ventral  surface;  the  great  ‘ panniculus earnosus,’ 
I,  is  reflected  from  the  right  side,  and  the  deeper-seated  nuiseles 
are  shown  on  the  left.  The  panniculus  camosus,  which  is  remark- 
able for  its  thickness,  encompasses  nearly  the  whole  benly,  adhering 
most  linnly  to  the  external  skin,  Imt  separated  from  the  subjacent 
miisi-les,  es|K:cially  where  it  covers  the  thorax,  abdomen,  the  ann, 

' nxr. 
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and  the  thigh,  by  a copious  and  lax  cellular  tissue ; and  in  the 
female,  at  the  abdominal  region,  by  the  mammary  glands.  The 
fibres  are  chiefly  longitudinal,  but  at  the  lower  [>art  of  the  neck 
become  transverse.  The  obtuse  posterior  end  of  the  muscle  is  at- 
tached by  three  or  four  fasciculi  to  the  dorsal  aspect  of  the  cauilal 
diaiKijthyses.  The  legs  and  the  arms  protrude  through  oblique 
ajHjrtures  iu  this  muscular  tunic  ; some  of  the  anterior  fasciculi  .are 
inserted  by  a short  tendon  into  the  pectoral  ridge  of  the  humerus  ; 
and  others,  still  more  anterior,  are  attached  to  the  cranium,  the 
lower  jaw,  and  lower  lip.  A strip  of  fibres,  which  is  cut  off  at 
1*,  is  attached  to  the  os  hyoides  ; another  fasciculus  (l')  spreads 
over  the  cheek-j>ouch,  F,  and  assists  in  emptying  that  receptacle  of 
the  foo<l. 

The  trapezius,  9,  is  divided  into  two  muscles ; the  j«>sterior  por- 
tion is  an  oblong  slender  triangle  arising  by  a broad  tendon  from 
the  tenth  and  eleventh  vertebra;  and  ribs,  and  insertctl  by  a short 
strong  tendon  behind  the  extremity  of  the  spine  of  the  scapula  ; the 
anterior  jwrtion  arises  from  the  occiput  and  tendinous  raphe  con- 
necting it  with  its  fellow  of  the  oj)i>ositc  side,  and  is  inserted  into 
the  spine  of  the  scapula,  and  into  the  outer  half  of  the  clavicle. 

The  latissimus  dorsi,  a very  long  and  broad  muscle,  arises  from 
the  spines  of  all  the  dorsal  and  lumbar  verU;br:e  and  from  the 
eleven  jwsterior  ribs  ; it  is  inserted  by  a broad  and  strong  tendon 
into  the  distal  half  of  the  ulnar  margin  of  the  humerus,  and,  with 
part  of  the  ‘ panniculus,’  into  the  fascia  attached  to  the  olecranon 
and  sprcath’ng  over  the  fore-arm.  At  its  anterior  part  this  inu.scle 
may  l>e  separated  into  a superficial  and  deep  stratum.  The  r/iorn- 
hoideus  is  a single  muscle,  but  tliick  and  long,  inserted  into  the 
narrow  base  of  the  scapula. 

The  splenius  capitis  is  united  by  an  intennediate  tendon  with 
the  opp<«ite  muscle,  and  is  inserted  into  the  mastoid  process. 

The  biventer  cervicis  and  the  complexus  are  distinct  throughout 
their  whole  course,  which  extends  from  the  anterior  dorsal  and 
|K>sterior  cers’ical  spines  to  the  occiput;  the  complexus  is  the 
longest  and  thickest  muscle,  and  divides  into  an  external,  shorter, 
and  deejKir-seated  jwrtion,  and  an  internal,  longer  and  superficial 
j)ortion. 

The  sacrolnmlalis  arises  from  the  dorsal  extremity  of  the  ilium, 
is  attachctl  to  the  ribs,  over  which  it  ])asses  in  its  course  to  its 
insertion  into  the  transverse  processes  of  the  four  or  five  |X)8tcrior 
cervical  vertebras  : it  is  continued  by  the  ‘ cervicnlis  ascendeiis  ’ to 
the  atlas. 

The  lungissimus  dorsi  is  a much  thicker  and  narrower  muscle, 

B 2 
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and  extends  from  the  dorsal  aspect  of  the  sacrum  along  the  spine 
to  the  third  or  fourth  cervical  vertebra.  It  is  continued  forward  by 
the /ra/i*erria/w  cervicis  and  trachelo-mastoi(lrus,yi\\\c\\  arc  blended 
into  a single  oblong  muscle  arising  from  the  anterior  dorsal  and 
inserted  into  the  transverse  processes  of  the  six  lower  cervical 
vertebrae  and  the  mastoid  process. 

The  sterno-itiastoid  is  a double  muscle  on  both  sides,  one  {)or- 
tion  being  superficial,  8,  the  other  dee|>-scatcd  ; each  arises  sepa- 
rately from  the  epistemum,  and  is  separately  inserted  into  the 
mastoid.  The  omo-hyoideus,  lo,  and  mylo-hyuideus,  lo,  have  a 
common  insertion  into  the  hyoid.  A muscle,  i",  arising  from 
the  basi-hyal  and  expanding  to  be  inserted  into  the  lower  lip, 
serves  to  retract  this  part.  The  sterno-hyoideus,  ii,  joins  the  hyo- 
glossus.  The  yenio-hyoideus,  12,  and  the  stylo-hyoideus,  13,  have 
the  normal  relations : the  biventer  maxillie,  H,  is  a short  thick 
muscle,  inserted  near  the  bend,  representing  the  angle,  of  the  jaw. 

The  caudal  muscles  are  powerfully  developed.  The  oblique 
fibres  of  the  inferior  or  deflector  muscles  are  shown  at  is ; they 
are  removed  on  the  other  side  to  exjiose  the  anterior  caudal 
nerves,  1.  The  obliquus  externus  abdominis,  3,  3,  arises  from  all 
the  vertebral  ribs,  except  the  first,  and  from  the  dilated  ex- 
tremity of  the  ilium ; it  is  inserted  by  a strong  tendon  into  the 
outer  extremity  of  the  marsupial  Irone,  vi,  then  cxi)ands  into  an 
aponeurosis  which  is  attached  to  the  internal  margin  and  base  of 
that  bone,  and  into  the  symphysis  pubis,  decussating  with  the 
tendinous  fibres  of  the  opposite  muscle : it  does  not  split  to  form 
an  ‘ abdominal  ring.’ 

The  obliquus  internus,  6,  arises  from  the  anterior  part  of  the 
ilium,  expands,  and  is  inserted  into  the  broad  cartilages  of  the 
seven  posterior  ribs,  v,  v. 

The  transversus  abdominis,  7,  is  a thicker  muscle,  and  arises 
from  both  the  ilium  and  the  lumbar  diapophyses ; its  tendon 
passes  behind  the  recti  to  blend  with  that  of  the  op|K)site  muscle, 
and  with  the  ajxmeurosis  of  the  ohliqui  extenii,  in  the  linea  alba. 

The  pyramidalis,  or  superficial  rectus,  •),  is  here,  as  in  the 
ordinary  Marsupials,  of  very  large  size  ; it  arises  from  the  whole 
inner  margin  of  the  marsupial  bone ; its  fibres  converge  toward 
and  are  confluent  at  the  linea  alba  wdth  those  of  its  fellow,  and  it 
gradually  terminates  in  a point  opjiositc  the  posterior  part  of  the 
sternum.  It  depresses  the  ribs,  shortens  the  abdomen,  and  pro- 
tracts the  marsupial  bone. 

The  rectus  abdominis,  or  posterior  rectus,  5,  arises  from  the 
posterior  margin  of  the  marsupial  bone,  and  is  inserted  into  the 
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cartilage  of  the  first  rib,  the  manubrium  sterni,  and  the  coracoid 
bone. 

The  diaphragm  presents  the  structure  which  is  characteristic 
of  the  true  mammiferous  animal.  The  lesser  muscle  arises  from 
tlie  first  lumbar  and  four  last  dorsal  vertebras,  and  expands  to  be 
inserted  into  the  central  tendon,  which  chiefly  receives  the  fibres 
of  the  greater  muscle  arising  from  the  cartilages  of  the  eleven 
inferior  jsairs  of  ribs. 

The  pectoralis,  2,  is  of  very  striking  dimensions  ; the  origin  of 
the  superficial  portion  extends  from  the  acromion  and  epistemum, 
along  the  sternum  and  linea  alba,  almost  to  the  jsubis;  a deeper- 
seated  jsortion  arises  from  the  six  osseous  sternal  ribs  ; the  fibres  of 
btith  jK)rtions  converge  to  be  inserted  into  the  largely-developed 
]>ectoral  or  anterior  crest  of  the  proximal  half  of  the  humerus. 

The  pectoralis  minor  is  attached  to  the  coracoid,  and  the  sub- 
clavius  is  likewise  inserted,  as  in  some  other  quadrupeds,  into 
this  bone,  which  is  no  longer  a subordinate  process  of  the  scapula 
in  the  Monotremes. 

The  subscapularis  is  a narrow  muscle,  and  narrower  in  reality 
than  at  first  sight  it  appears  to  be,  since  the  supraspinatus,  from 
the  inflection  of  the  spine  and  acromion,  arises  from  the  same 
aspect  of  the  scapula,  and  appc.ars  to  fonn  the  anterior  fasciculus 
fif  the  subscapularis ; its  distinct  insertion  into  the  anterior 
tubercle  of  the  head  of  the  humerus  points  out  its  true  nature. 

The  infraspinatus,  20,  and  the  large  teres  major  cover  the 
whole  extei-nal  surface  of  the  scapula, 

'I'he  deltoid  is  divided  into  an  anterior  and  a posterior  portion. 
The  anterior  j)ortion,  is,  arises  from  the  anterior  extremity  of  the 
coracoid,  and  is  inserted  into  the  summit  of  the  deltoid  crest  of 
the  humerus:  the  posterior  part,  21,  arises  from  the  anterior  and 
superior  apex  of  the  scaiiula,  and  is  inserted  into  the  lower  half  of 
the  deltoid  crest.  There  are  also  two  muscles  to  which  the  name 
roraco-braehialis  may  be  apjilied,  a superior  one,  22,  and  an  in- 
ferior one,  25. 

The  biceps  brachii  arises  by  two  heads;  one,  23,  arises  from  the 
sternal  extremity  of  the  coracoid,  the  other,  24,  also  arises  from 
the  conicoid ; the  common  tendon  is  inserted  into  the  middle  of 
the  radius. 

The  other  muscles  of  the  anterior  extremity  adhere  closely  to 
the  Mammalian  type.  I'hc  extensor  carpi  rndialis,  3o,  sends  three 
tendons,  to  be  inserted  respectively  inU)  the  second,  third,  and 
fourth  metacarpal  bones.  There  is  a single  common  flexor  digi- 
torum,  as  well  as  extensor  digitorum,  27. 

The  extensor  digiti  minimi,  26,  the  indicator,  2»,  the  extensor 
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pollicts,  29,  the  pronator  teres,  32,  and  the,  flexor  carpi  radinlis,  33, 
are  all  remarkable  for  their  strength  in  the  Ornithorhynchus,  and 
are  still  more  powerfully  developed  in  the  Echidna. 

The  most  remarkable  muscle  on  the  palmar  aspect  of  the  fore 
arm  is  the  flexor  carpi  ulnaris,  which  arises  by  two  sejjarate 
heads,  the  longer  one  from  the  broad  olecran(m,  the  shorter  one 
from  the  Internal  condyle  of  the  humerus ; the  common  tendon 
is  attached  to  the  os  pisiforme  and  the  metacarpals  of  the  fourth 
and  fifth  digits. 

The  psoas  magna  and  ilincus  internus  form  a single  muscle, 
having  the  usual  origins,  and  inserted  by  a common  tendon  into 
the  large  internal  trochanter. 

The  psoas  minor  is  the  largest  of  these  muscles.  It  arises  from 
the  sides  of  five  dorsal  vertebra;,  and  its  strong  tendon  is  implanted 
in  the  remarkably  develojjed  ilio-pectineal  process.  It  depresses 
the  pelvis,  and  with  it  also  the  tail  and  the  j)elvic  extremities. 

The  ectogluteus  is  larger  than  is  usually  the  case  with  qua- 
drupeds ; its  insertion  extends  to  the  ]>lantar  fascia  and  the 
bone  which  supjwrts  the  spur.  The  mesogluteus,  entogluteus, 
pectineus,  43,  biceps  flexor  cruris,  gracilis,  34,  sartorius,  35,  rectus 
femoris,  36,  adductores  femoris,  46,  sernitendhiosus,  47,  semi-mem- 
branosus,  vastus  externus,  offer  no  notable  deviations  from  the 
usual  structure.  A strip  of  fibres,  49,  descends  fronj  the  gracilis 
to  the  sphincter  cloaca,  H.  A imiscle,  called  by  Meckel  ‘ flexor 
accessorius  a cauda  ad  tibiam  tendens,’  5i,  arises  from  the  trans- 
verse processes  of  the  anterior  caudal  vertebra;,  and  converges  to . 
be  inserted  into  the  tibia.  Another  peculiar  adductor  of  the  leg, 
which  might  be  termed  ‘ intertibialis,’  52,  is  attached  by  its  ex- 
tremities to  both  tibia; ; its  fleshy  belly  passes  across  the  s[)liineter 
cloacic,  II,  and  is  connected  with  a strip  of  the  panniculus  car- 
nosus,  I. 

The  gastrocnemius,  48,  derives  its  largest  origin  from  the  pro- 
duced and  expanded  head  of  the  fibula,  and  its  smaller  belly  from 
the  internal  femoral  condyle ; its  tendon  is  implanted  in  the  cal- 
caneum.  The  homotopy  between  the  gastrocnemius  and  flexor 
carpi  ulnaris  is  strikingly  illustrated  in  the  Omithorhynchus. 

The  soleus  arises  from  the  head  of  the  fibula  and  from  a large  j)ro- 
{K>rtlon  of  the  tibia  ; it  is  nowhere  blended  with  the  gastrocnemius, 
but  is  inserted  by  a thick  and  short  tendon  into  the  iistragalus. 

The  abductors  of  the  outer  digits  of  both  the  hand  and  fiait  are 
well  developed  for  the  purjwse  of  expanding  the  web  which 
connects  the  toes. 

In  the  figure  the  following  muscles  of  the  leg  are  shown — viz. 
37,  tibialis  anticus,  38,  extensor  hallucis  longus,  39,  peroneus  longus. 
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40,  peroneus  brevis,  4i,  extensor  digitorum  profundus,  42,  extensor 
digitorum  sublimis,  43,  a portion  of  the  same  muscle  con-espoiuling 
with  the  indicator  of  tlie  fore  leg,  and  44,  extensor  digiti  quinti 
accessorius. 

§ 194.  Muscles  of  Marsupialia. — The  most  common  posture 
of  the  Kangaroo  is  often  tenned  the  ‘ erect ; ’ yet  the  conditions  of 
this  jK)sture  are  very  different  from  those  in  the  human  subject. 
The  trunk,  instead  of  resting  upright  on  two  nearly  vertical  pillars, 
is  here  swung  upon  the  femora  as  upon  two  springs,  which 
descend  from  the  knee-joints  obliquely  backward  to  their  ]>oints 
of  attachment  at  the  pelvis ; and  the  trunk  is  propped  up  behind 
by  the  long  and  powerful  tail,  vol.  ii.,  fig.  211. 

In  Man  the  massive  and  expanded  muscles  which  find  their 
attachment  in  the  broad  bones  of  the  pelvis,  especially  at  the 
posterior  part,  are  the  chief  powers  in  maintaining  the  erect 
jwsture.  But  in  the  Kangaroo  the  gluteei  offer  no  corresponding 
jiredominance  of  size  ; the  narrow  prismatic  ilia  could  not,  in  fact, 
afford  them  the  requisite  extent  of  fixed  attachment. 

The  chief  modifications  of  the  muscular  system  in  relation  to 
the  erect  jrosition  of  the  trunk  in  the  Kangaroo  are  met  with  on 
the  anterior  part  of  the  biise  of  the  spinal  column.  The  psoee 
purva,  for  example,  present  proportions  the  reverse  of  those 
that  suggested  their  name  in  human  anatomy.  They  form  two 
thick,  long,  rounded  masses,  which  take  their  origin,  fleshy,  from 
the  sides  of  the  bodies  and  base  of  the  diajiophyses  of  the  lower 
dorsal  and  all  the  six  lumbar  vertebra;,  and  from  the  extremities 
of  the  three  last  ribs ; the  fibres  converge  pennifonnwise  to  a 
strong,  round,  middle  tendon,  inserted  in  the  well-marked  tubercle 
or  sjtine  of  the  pubis,  already  noticed. 

The  abdominal  muscles  include  a pgramidalis  as  remarkably 
developed  as  in  the  Monotremes.  In  the  Phalanger,  fig.  4, 
the  external  oblique,  besides  the  usual  origin  by  digitations 
from  the  ribs,  also  arises  from  the  fascia  lumborum ; it  is  in- 
serted fleshy  into  the  summit  of  the  marsupial  bone,  a,  over 
which  its  strong  inner  tendon  is  spread ; the  c.xtenial  oblique 
becomes  ajioneurotic  at  a line  continued  from  the  marsupial 
hone  outward,  with  a gentle  curve,  toward  the  anterior  ex- 
tremity of  the  ilium;  and  in  the  opposite  direction,  or  inward, 
the  carncous  fibres  of  the  external  oblique  terminate  in  an 
aponeurosis  along  a line  parallel  with  the  oblique  outer  margin 
of  the  pyraniidalis ; the  fascia  continued  from  the  latter  boundary 
of  the  fleshy  fibres  passes  over,  or  dermad  of,  that  muscle, 
and  meets  its  fellow  at  the  linea  alba ; it  is  homologous 
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Avith  the  anterior  layer  of  the  sheath  of  the  rectus  in  ordi- 
nary Mammalia.  It  is  seen  reflected  from  the  pyramidalis, 
at  b,  fig.  4.  The  aponeurosis  continued  from  the  external  and 
inferior  boundary  of  the 
cameous  fibres  divides  as 
usual  into  two  distinct  por- 
tions. One,  a,  correspond- 
ing to  the  internal  or 
mesial  pillar  of  the  abdo- 
minal ring,  spreads  its 
glistening  fibres,  as  above 
described,  over  the  dermal 
surface  of  the  marsupial 
bone,  c,  to  which  it  closely 
adheres ; the  other  co- 
lumn, d,  contracts  as  it 
descends  obliquely  in- 
ward, forms,  like  ‘ Pou- 
part’s  ligament,’  the  upper 
boundary  of  the  space 
through  which  the  psoas  and  iliacus  muscles  and  femoral  vessels 
and  nerves  escape  from  the  pelvis,  and  is  finally  inserted,  thick 
and  strong,  into  the  outer  end  of  the  base  of  the  marsupial  bone. 

This  bone  is  so  connected  with  the  pubis  that  its  movements 
are  almost  limited  to  directions  forward  and  backward,  or  those 
concerned  with  the  dilatation  and  diminution  of  the  abdominal 
space ; the  contraction  of  the  abdominal  muscles  must  draw  the 
bones  inward  so  as  to  compress  the  contents  of  the  abdomen,  and 
so  far  as  the  connections  of  the  bone  permit,  which  is  to  a very 
trifling  degree,  the  external  oblique  may  draw  it  outward  toward 
the  ilium.  In  some  Marsupials,  as  the  Koala,  the  triceps  adduc- 
tor femoris  sends  a slip  of  fibres  to  the  external  angle  of  the 
base  of  the  marsupial  bone,  and  would  more  directly  tend  to  bend 
that  bone  outward. 

The  upper  or  anterior  fibres  of  the  internal  oblique  have  the 
usual  origin ; the  lower  ones,  e,  arise  fleshy  from  the  outer  and 
anterior  spine  of  the  ilium,  and  for  an  inch  along  an  aponeurotic 
chord  extended  from  that  process  to  the  upper  part  of  the  aceta- 
bulum : these  cameous  fibres  pass  inward  and  slightly  upward, 
and  terminate  close  to  the  outer  margin  of  the  rectus,  where  they 
adhere  very  strongly  to  the  transversalis,  but  give  off  a separate 
sheet  of  thin  aponeurosis  which  is  lost  in  the  cellular  sheath  of 
the  posterior  rectus. 
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The  fleshy  fibres  of  the  transversnlis  abdominis,  f,  are  closely 
eonneeted  by  dense  cellular  tissue  with  those  of  the  internal 
oblique ; they  arc  arranged  in  finer  fasciculi,  and  have,  as  usual, 
a more  transverse  direction ; they  terminate  along  the  same  line 
as  those  of  the  internal  oblique  in  an  aponeurosis,  g,  which  is 
continued  along  the  inner  or  central  surface  of  the  posterior  rectus 
to  the  median  line.  The  lower  boundary  of  the  fleshy  fibres  of 
the  transversalis  is  parallel  with  the  line  extended  transversely 
between  the  anterior  extremities  of  the  ilia ; a fascia,  less  compact 
than  an  aponeurosis,  is  continued  downward  from  this  margin, 
and  envelopes  the  cremaster  and  the  constituents  of  the  spermatic 
chord,  as  they  pass  outward  and  forward  beneath  the  lower  edge 
of  the  internal  pblique. 

The  pgramidalis,  h,  arises  from  the  whole  inner  or  mesial 
margin  of  the  marsupial  bone,  from  which  the  fibres  diverge, 
the  lower  ones  passing  transversely  across  the  interspace  of  the 
bones,  and  meeting  at  a very  fine  raphe,  or  linea  all)a ; while  those 
fibres  from  the  anterior  ends  of  the  marsupial  bones  gradually 
exchange  their  transverse  direction  for  one  obliquely  fonvard. 
The  breadth  of  each  pyramidalis  oj)posite  the  upper  end  of  the 
marsupial  bone  is  more  than  an  inch,  the  thickness  of  the  muscle 
one  line. 

The  rectus  abdominis,  i,  comes  off  from  the  pubis  along  the 
inner  part  of  the  strong  ligamentous  union  of  the  broad  base  of 
the  marsupial  bone,  and  expands  as  it  ascends  until  it  attains  the 
level  of  the  ensiform  cartilage,  when  it  diminishes  as  it  is  inserted 
into  the  sternal  extremities  of  the  ribs  reaching  to  the  manubrium 
sternl  and  first  rib  in  the  Dasyures,  as  in  the  placental  Carnivores. 
The  slight  indications  of  tendinous  intersections  are  confined  to 
the  jKisterior  or  central  superficies  of  the  muscle. 

The  cremaster,  k,  in  the  I’halanger  and  Oj>ossiim,  is  not  a 
fasciculus  of  fibres  simjdy  detached  from  the  lower  margin  of  the 
intenial  oblique  or  transversalis,  but  arises  by  a n.arrow’  though 
strong  ajKmeurosis  from  the  ilium,  within  and  a little  above  tbe 
lower  boundary  of  the  internal  oblique,  with  the  fibres  of  which 
the  course  of  the  cremaster  is  not  parallel ; it  might  be  considered 
as  a j)art  of  the  transversalis,  but  it  is  separated  by  the  fascia 
above  mentioned  from  tbe  carneous  part  of  that  muscle.  Having 
emerged  from  beneath  the  margin  of  the  internal  oblique,  tbe 
cremaster  escapes  by  the  large  elliptic  abdominal  ring,  /,  bends 
round  the  mai-supial  bone  near  its  free  extremitv,  and  exp.ands 
ujion  the  tunica  vaginalis  testis.  In  the  female  it  has  the  same 
origin,  course,  and  size,  but  spreads  over  the  mammary  glands  at 
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the  back  of  the  pouch.  If  the  anterior  fascicles  of  the  diverging 
and  embracing  fibres  be  dissected  from  tlie  posterior  ones,  tlie 
apf>earance  of  the  cremaster  dividing  into  two  layers  is  pnxluced. 

The  principal  modifications  of  the  muscles  of  the  pectoral  ex- 
tremity arc  here  described  as  they  exist  in  the  Peramdeg  lagotis. 

The  trapezius  has  its  origin  extended  from  the  skull,  along  the 
cervical  and  dorsal  spines,  to  the  fascia  covering  the  lumbar  jKtr- 
tion  of  the  latissimus  dorsi : its  fibres  converge  to  be  inserted  along 
the  spine  of  the  scapula,  the  anterior  ones  being  directly  continued 
into  the  pectoralis  major,  whereby  it  becomes  an  extensor  of  the 
humerus  and  a protractor  of  the  fore  extremity. 

The  latissimus  dorsi  arises  chiefly  from  the  broad  aponeurosis 
covering  the  muscles  of  the  lumbar  region  of  the  spine,  and  from 
the  s[»ines  of  the  six  posterior  dorsal  vertebne ; the  fibres  gradually 
converge,  the  muscle  increasing  in  thickness  as  it  diminishes  in 
breadth,  and  terminating  in  a strong  flattened  tendon  one  inch 
before  its  insertion  at  the  upj>er  third  of  the  humerus.  It  is  con- 
nected, as  in  most  brutes,  up  to  and  including  the  Gorilla,  with  an 
accessory  extensor  (omo-anconeus)  ‘ of  the  antibrachium.  This  ex- 
tensor takes  its  principal  origin  by  fleshy  fibres  from  the  terminal 
half  inch  of  the  fleshy  part  of  the  latissimus  dorsi,  and  continues 
fleshy,  slightly  diminishing  in  size  to  its  insertion  at  the  apex  of 
the  olecranon.  To  remedy  the  inconvenience  of  an  origin  from  a 
yielding  and  flexible  part,  a thin  aponeurotic  slip,  in  Peramdes, 
attaches  a part  of  the  base  of  the  superadded  muscle  and  the  cor- 
resjwnding  portion  of  the  latissimus  dorsi  to  the  sheath  of  the  teres 
m.ajor,  and  to  the  inferior  costa  of  the  scapula  near  its  posterior 
angle.  The  supraspinatus,  a strong  penniform  muscle,  exceeds 
the  infraspinatus  in  breadth  by  as  much  as  the  supra-spinal  fossa 
is  broader  than  the  infra-spinal  one : it  has  a broad  and  strong 
iasertion  into  the  great  outer  tuberosity  of  the  humerus.  The 
infraspinatus  is  inserted  into  the  upper  and  posterior  part  of  that 
tuberosity.  The  deltoides  is  a comparatively  small  muscle ; it 
arises  from  the  anterior  half  of  the  spine  of  the  scapula  and  from 
a fine  aponeurosis  covering  the  infraspinatus  ; its  fibres  converge 
to  be  inserted  in  the  upper  part  of  the  deltoid  ridge.  A tliin 
small  strip  of  muscle  arises  from  about  the  middle  of  the 
inferior  costa  of  the  scapula,  beneath  the  infraspinatus ; its 
fibres  pass  forward  and  join  the  lower  margin  of  the  small  del- 
toid, thus  bracing  and  enclosing  the  tendon  of  the  infraspinatus. 

* I-XXX-.  p.  289  (1846):  the  muscle  is  termed  ‘ dorso-epitrochlien'  by  Diivernoy  in 
the  Gorilla,  i'.  p.  80  (1825),  where  it  is  inserted  into  the  inner  condyle  of  the 
bemcriu. 


Digitized  by  Google 


12 


ANATOMY  OF  VERTEBRATES. 


Ill  claviculate  marsupials  the  deltoid  is  larger,  and  consists  of 
three  fasciculi. 

The  teres  major  is  a strong  sub-compressed  muscle  arising  from 
near  the  posterior  half  of  the  inferior  costa  of  the  scapula,  and 
joining,  as  before  stated,  the  tendon  of  the  latissimus. 

The  triceps  extensor  has  its  long  portion  arising  from  the  anterior 
third  of  the  inferior  costa  of  the  scapula;  its  second  head  comes 
from  the  posterior  part  of  the  proximal  third  of  the  humerus  ; the 
third  portion  takes  its  origin  from  the  whole  of  the  posterior  part 
of  the  humerus ; in  addition  to  these,  the  olecranon  receives  the 
above-described  fourth  superadded  slip  from  the  latissimus  dorsi. 

The  pectoralis  major  is,  as  usual  in  the  Marsupial  and  many- 
higher  quadrupeds,  a complicated  muscle ; it  consists  of  an  anterior 
or  superficial  and  a posterior  or  deeper  portion  ; the  anterior  portion 
receives  the  strip  of  fibres  before  mentioned  from  the  trapezius, 
there  being  no  clavicle  or  clavicular  ossicle  interposed  in  the  Pe- 
rameles ; its  fibres  converge,  increasing  in  thickness  as  they 
diminish  in  breadth,  and  are  inserted  into  the  anterior  and  outer 
part  of  the  strongly  developed  pectoral  ridge.  The  second  and 
main  jwrtion  of  the  j)Cctoralis  arises  from  the  whole  extent  of  the 
sternum ; its  fibres  are  twisted  obliquely  across  each  other  as  they 
converge  to  be  inserted  into  the  inner  part  of  the  j)ectoral  ridge  ; 
some  of  the  internal  and  jwsterior  fibres  of  this  |)ortion  of  the 
twisted  pectoral  pass  obliquely  upward  and  behind  the  anterior 
fasciculi,  and  are  inserted  into  the  coracoid  process,  thus  repre- 
senting the  pectoralis  minor.  Beneath  this  latter  jM)rtion  of  the 
pectoral,  a long  and  slender  muscle  passes  to  be  inserted  into 
the  anterior  part  of  the  tuberosity  of  the  humerus  ; this  may 
likewise  be  regarded  as  a dismembennent  of  the  pectoralis  major, 
but  it  arises  from  the  fascia  of  the  rectus  abdominis,  below  the  car- 
tilages of  the  lower  ribs.  Thus  the  strong  pectoral  ridge  of  the 
humerus  is  acted  upon  by  muscles  having  a range  of  origin  from 
the  occij)ut  and  cervic.al  vertebra;  along  the  whole  extent  of  the 
chest  to  the  beginning  of  the  abdomen. 

The  biceps  is  a powerful  muscle,  although  its  short  head  from 
the  coracoid  process  is  supj)ressed.  The  long  head  has  the  usual 
origin  and  relation  to  the  shoulder-joint ; its  tendon  is  very  thick 
and  short.  The  fleshy  belly  joins  that  of  the  strong  brachialis  in- 
ternus,  situated  at  the  external  side  of  the  humerus,  whence  it 
takes  its  principal  origin  from  the  short  deltoid  ridge,  closely  con- 
nected there  with  the  second  jiortion  of  the  triceps,  and  deriving 
some  fleshy  fibres  from  the  lower  and  outer  third  of  the  humerus. 
The  ]K)rtion  of  the  biceps  arising  by  the  long  head  soon  restilvcs 
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itinjlf  into  two  distinct  penniform  muscles ; the  tendon  of  the 
outer  one  joins  that  of  the  brachialis,  and  this  conjoined  tendon 
simply  bends  the  fore-arm,  while  the  inner  tendon  bends  and  pro- 
nates  ; the  latter,  which  is  a direct  though  partial  continuation  of 
the  bicep,  is  inserted  into  the  ordinary  tubercle  of  the  ratbus  ; 
whereas  the  outer  tendon  is  attached  to  the  fore  part  of  the  pro.xi- 
mal  end  of  the  ulna.  The  muscles  which  arise  from  the  internal 
c^mdyle  of  the  humerus  are  the  pronator  term,  which  has  the  usual 
origin,  insertion,  and  relative  proportions,  and  next  a large  pal- 
maris  longus.  There  are,  likewise  distinct  and  strong  fasciculi  of 
muscles  corresponding  to  the Jirzores  carpi  ulnarii  and  radialis,  and 
to  the  flexor  sublimis  digitorum.  The  strong  ridge  continuetl  from 
the  olecranon  to  the  posterior  and  inner  part  of  the  ulna  gives 
origin  to  a great  proportion  of  the  oblique  fibres  of  the  flexor  pro- 
fundus ; but  both  this  and  the  flexor  sublimis  terminate  in  a single 
thick  and  strong  tendon,  which  after  passing  the  wrist  dindes  into 
those  corresponding  with  the  perforating  and  perforated  tendons 
concentrated,  in  Perameles,  ujwn  the  three  long  middle  fingers. 
The  pronator  ijuadratus  runs  the  whole  length  of  the  interosseous 
space,  parsing  from  the  radius  a little  obliquely  downward  to  the 
ulna.  The  supinator  hmgus,  arising  as  usual  from  the  uj)j>er  part 
of  the  strongly  developed  ridge  above  the  outer  condyle,  sends  its 
tendon  across  the  carpal  joint,  wliich  tendon  divides  before  it 
crosses,  and  is  inserted  by  one  of  its  divisions  into  the  base  of 
one  of  the  metacarpal  bones  of  the  index  finger,  and  by  the  other 
into  the  adjoining  metacarpal  bone. 

These  are  the  principal  mu-scles  of  the  fore  extremity  which 
require  notice.  Their  nuxlifications,  in  respet  of  number  and 
strength,  relate  to  the  act  of  digging  up  the  .soil,  which  is  habitual 
in  the  Bandicoftts,  as  it  is  for  the  purpose  of  obtaining  fixKl,  and 
not  for  shelter.  It  is  for  this  purj)ose  that  the  three  middle  digits 
of  the  hand  are  developed  at  the  expense  of  the  other  two,  which 
are  rudimental ; the  whole  |»owcr  of  the  deep  and  suj)crficial 
flexors  is  concentrated  upon  the  fossorial  and  well-armed  fingers  ; 
and,  by  the  single  common  tendon  in  which  the  fleshy  fibres  of 
these  muscles  terminate,  they  move  them  collectively  and  simul- 
taneously. Thus  variety  of  application,  and  especially  the  pre- 
hensile faculty,  are  sacrifice*!  to  the  acfjuisition  of  force  for  the 
essential  action.  In  no  Marsupial  is  the  hanil  so  cramped  as  in 
the  Perameles,  excejding  in  the  Charopus,  where  the  functional 
and  fossorial  fingers  are  reduced  from  three  to  two.  It  is  in  rela- 
tion to  this  condition,  doubtlcs.s,  that  the  clavicles  are  wanting  in 
these  genera,  while  all  other  Marsupials  jkwscss  them.  In  the.se 
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the  biceps  has  the  usual  two  origins : the  flexor  sublimis  digitorum 
is  distinct  from  the  flexor  profundus  in  Didelphys. 

The  muscles  of  the  hinder  extremity  are  chiefly  remarkable  in 
the  Kangaroo  for  their  prodigious  strength  and  unusual  number : 
the  accessory  muscle  of  the  biceps  cruris,  e.  g.,  arises  from  a 
caudal  vertebra,  and,  with  that  from  the  ischium,  forms  two  strong 
fasciculi,  one  inserted  into  the  outer  femoral  condyle,  the  other 
into  fascia  covering  the  gastrocnemii.  The  ])yriformis  is  also  a 
double  muscle.  The  sartorius  has  its  insertion  so  modified  that 
it  becomes  an  extensor  instead  of  a flexor  of  the  tibia : it  is 
chiefly  fixed  to  the  tibial  side  of  the  gristly  patella,  and  by 
fascia  into  the  capsular  ligament  of  the  knee-joint  and  the 
anterior  proximal  tuberosity  of  the  tibia.  In  a Dasyure  ( Das. 
macrurus  ) I found  that  the  sartorius  had  a similar  disposition  and 
office.  In  this  ambulatory  carnivorous  Marsujnal  the  external  and 
middle  glutai  are  so  disposed  as  to  extend  the  thigh,  while  the  in- 
ternal tjlutaus  inflects  and  rotates  it  inward.  In  a Bandicoot 
( Perameles  laffotis)  the  sartorius  ran  nearly  parallel  with  and 
dennad  of  the  rectus,  and  was  inserted  into  the  uj>per  part  of  the 
patella.  Besides  this  sesamoid,  which  is  rarely  developed  in  other 
Marsupials,  I found  a thick  cartilage  attached  to  its  upper  part 
and  interposed  between  the  common  tendon  of  the  recti  and  vasti, 
removing  tliat  tendon  further  from  the  centre  of  motion,  and  in- 
creasing the  power  of  the  extensor  muscles  of  the  leg.  The  rec- 
tus femoris  has  its  two  origins  very  distinct,  and  its  homoty]>y 
with  the  biceps  of  the  upper  extremity  is  obvious.  ThQ gracilis  is  a 
very  thick  and  strong  muscle.  The  biceps  flexor  cruris  in  the 
Perameles  is  a muscle  of  very  great  strength  ; it  terminates  in  a 
strong  and  broad  aponeurosis,  which  extends  over  the  whole 
anterior  part  of  the  tibia,  being  attached  to  the  rotular  tuberosity 
of  that  hone,  and  terminating  below  in  the  sheath  of  the  tendo 
Achillis,  whereby  this  muscle  becomes  an  extensor  of  the  foot. 

All  the  cquipedal  Marsupials,  whether  burrowers  as  the  Wom- 
bat, climbers  as  the  Koala,  Phalangers,  and  Opossums,  or  simply 
gressorial,  as  the  Dasgurida,  have  the  tibia  and  fibula  so  connected 
together  as  to  allow  of  a certain  degree  of  rotation  uixm  each 
other,  analogous  to  the  pronatory  and  supinatory  movements  of 
the  bones  of  the  antibrachium,  and  the  muscles  of  the  leg  present 
corresponding  modifications.  None  of  the  analogous  carnivorous, 
pedimanous,  or  rodent  Placentals  present  this  condition  of  the 
hind  leg.  In  the  Kangaroo,  the  gastrocnemii  almost  rival  those  of 
JIan  in  the  bulk  of  the  fleshy  part. 

In  the  Dasgurus  macrurus,  the  plantaris,  instead  of  rising  from 
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the  femur,  has  its  fixed  point  in  the  fibula,  from  the  heatl  to  half- 
way down  the  bone,  fleshy  ; its  tendon  passes  obliquely  inward, 
and  glides  behind  the  inner  malleolus  to  its  insertion  in  the  |)lantar 
fascia,  so  that  it  rotates  the  tibia  inward  besides  extending  tbc 
foot.  The  soleus  has  an  extensive  origin  from  the  proximal  to 
near  the  distal  end  of  the  fibula.  There  are,  as  usual,  three  deop- 
scate<l  muscles  at  the  back  of  the  Icff.  Of  these  three  the 
muscle  homologous  with  the  tihialU  pnsticug  is  readily  recognised ; 
its  tendon  glides  behind  the  inner  malleolus,  and  is  inserted  into 
the  inner  or  tibial  cuneiform  bone. 

The  muscle  which  has  the  relative  jmsitiou  and  origins  of  the 
Jleior  lotif/us  pollicis,  sends  its  tendon  by  the  usual  route  to  the 
sole  of  the  foot,  where  it  di- 
vides and  distributes  a flexor 
tendon  to  all  the  toes  except 
the  rudiniental  hallux;  it  has 
the  same  disposition  in  the 
Opossums,  where  the  hinder 
thumb  or  great  toe  is  fully 
developed : for  this  modifica- 
tion, however,  the  Compara- 
tive Anatomist  is  already  pre- 
pared by  meeting  with  such 
common  office  of  the  muscle 
in  the  first  step  from  Man, 
viz.  in  the  Orang,  Gorilla,  and 
Chimpanzee. 

The  third  deep-seated  mus- 
cle, Ixjing  situated  internal  to 
the  two  preceding  ones,  may 
l>e  the  homologuc  of  the Jlexor 
dSijitorum  communis  Inngus  ; 
it  nevertheless  sends  no  ten- 
don to  the  toes  nor  even  to 
the  tarsus,  but  its  fibres 
pass  from  the  tibia  obliquely 
outward  and  downward  be- 
tween the  preceding  muscle 
and  the  interosseous  ligament 
to  the  fibula,  where  they  are 
exclusively  inserted  so  as  to 
oi)ix)se  the  plantaris  and  rotate  the  foot  outward.  This  muscle 
closely  adheres  to  the  interosseous  fascia,  and  thus  resembles  in  its 
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attachments  the  ]>ronator  quaclratus  of  the  fore  limb : it  is  most  is 
developed  in  the  pedimanous  climbing  Marsupials,  where  the 
rotation  of  the  foot  is  more  frequent  and  extensive. 

Fig.  5 shows  this  modification  of  the  muscles  of  the  hind-foot  in  ; 
the  Phalanf/ista  vulpina  ; «,  is  the  expanded  tendon  of  the  sartoriiis  ; j 
b, gracilis-,  c,  semitendinosus ; and  d,  semimembranosus  ; both  these 
muscles  are  inserted,  as  in  many  other  quadrupeds,  low  down  the 
tibia:  e,  gastrocnemius-,  f,  plantaris  ; g,  the  homologue  of  the 
jicxor  longus  poUicis  pedis  ; h,  tibialis  posticus  ; this  muscle  divides 
and  is  inserted  by  two  tendons,  li'  and  A",  into  the  internal  and 
middle  cuneiform  bones  ; i,  the  rotator  muscle  of  the  tibia. 

In  the  muscles  on  the  anterior  part  of  the  leg,  the  extensor 
brevis  digitorum  has  its  origin  extended  into  this  region,  and  is 
attached  to  the  outside  of  the  fibula.  There  are  three  peronei ; 
the  external  one  is  inserted  into  the  j)roxiinal  end  of  the  fifth 
metatarsal : the  tendon  of  the  middle  i)croneus  crosses  the  sole  in 
a groove  of  the  cuboid  like  the  peroneus  longus : the  internal 
jieroncus  is  an  extensor  of  the  outer  or  fifth  toe.  The  Perameles 
lagotis,  among  the  saltatorial  Marsiqaals,  presents  a different 
condition  of  the  extensors  of  the  foot  from  that  above  described. 

The  gastrocnemii,  soleus,  and  plantaris  all  arise  above  the  knee- 
joint,  and  the  tendon  of  the  plantaris,  after  sheathing  the  tendo 
Achillis  and  traversing  the  long  sole,  is  finally  inserted  into  the 
base  of  the  metatarsal  bone  of  the  fourth  or  largest  toe  ; thus 
this  muscle,  which  is  strongly  developed,  bends  both  this  toe  and 
the  knee,  while  it  extends  the  foot. 

In  the  Kangaroo  the  flexor  of  the  toes  rises  from  the  outer 
tuberosity  of  the  tibia,  its  fleshy  part  covers  the  back  of  the  leg 
beneath  the  soleus,  the  tendon  passes  to  the  sole  and  divides  into 
a large  tendon  for  the  principal  toe,  fig.  211,  lo,  a smaller  tendon 
for  the  outer  toe,  r,  and  a still  smaller  tendon  which  goes  to  the 
two  slender  inner  toes.  The  muscle  seems  to  combine  the  homo- 
logues  of  the  Jicxor  hullucis  and  Jiexor  digitorum,  with,  perhaps, 
also  that  of  the  tibialis  posticus. 

§ 195.  Muscles  of  I.issencephula. — The  Rodentia  closely  re- 
semble the  Marsnpialia  in  their  muscular  system ; with  like 
imKlifications  according  to  the  absence  or  presence  of  clavicles, 
and  to  the  gradatory,  saltatory,  seansorial,  and  fossorial  move- 
ments of  the  sj)ccies  respectively.  They  have  not  the  marsujiial 
modifications  of  the  cremaster  and  abdominal  muscles,  nor  the 
rotatory  muscle  of  the  tibia;  but  certain  Undents  show  j)ccu- 
liaritics  of  the  masseter  which  will  be  noticed  in  connection  with 
the  organs  of  mastication. 
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The  Insectivorn  afford  examples  of  special  muscular  develope- 
inent  in  the  fore  part  of  the  trunk  and  pectoral  limbs  of  the  Mole, 
hg.  6,  and  in  the  muscles  which  act  upon  the  prickly  skin  of 
the  Hedgehog,  figs.  7 and  8. 

The  dermal  muscles  are  {lowerful  and  extensive  in  all  Insec- 
tivora : in  the  Mole  ( Talpa  eurnpaa),  fig.  6,  the  insertion  of 
one  of  these  is  seen  at  a : it  assists  in  retracting  the  trowel-like 
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fore  limb ; and,  when  this  is  the  fixed  point,  draws  forward  the 
I>eU4s  and  thigh.  The  muscles  of  the  scapula  are  singularly  de- 
veloped and  mollified  : the  trapezius  operates  upon  the  short  base 
of  the  elongate  bone  with  great  advantage.  The  anterior  portion, 
d,  arising  from  the  occiput,  derives  further  strength  from  the  ossi- 
fied ‘ nuchal  ligament,’  and  is  inserted  at  e : the  part  answering  to 
the  posterior  fibres  of  the  muscle,  f,  arises  as  far  back  as  the 
lumbar  vertebraj  to  be  similarly  inserted  into  the  base  of  the  sca- 
pula, antagonising  the  former.  The  ‘ gplenius  capitis,'  h,  derives 
fibres  from  the  nuchal  style,  as  well  as  from  certain  dorsal  and 
cervical  vertebrae  : it  is  inserted  into  the  paroccipital  region  of  the 
cranium.  The  sterno-mastoid,  g,  joined  by  a ‘ clcido-raastoid  ’ 
from  the  cubical  clavicle,  is  a very  powerful  muscle  which  expands 
to  Vie  in.serted  into  the  lateral  part  of  the  sujieroccipital  and  fascia 
covering  the  mandibular  angle.  The  deltoid,  k,  coextensive  with 
VOL.  III.  c 
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the  scapula,  acts  through  its  length  with  great  power  upon  the 
well-developed  humeral  ridge.  The  ‘ teres  major,’  /,  commencing 
at  the  thickened  base  of  the  scapula,  and  deriving  fibres  from  the 
lower  facet  of  that  triedral  bone,  combines  to  be  inserted  into  the 
humerus  with  part  of  the  latissimus  dorsi,  m ; a strip  from  which 
muscle  is  extended  to  the  olecranon.  The  triceps,  o,  arising 
from  both  scapula  and  humerus,  is  extremely  broad  and  thick, 
calling  for  an  extended  olecranon  for  adequate  insertion.  Part 
of  the  powerful  flexors  of  the  hand  (_/?.  digitorum,  q,  fl.  carpi 
ulnaris,  r),  and  part  of  the  extensors,  t,  are  shown  in  tliis  view. 
The  pectoralis  consists  of  five  thick  fasciculi,  four  of  which  rise 
from  the  sternum,  and  one  from  the  clavicle : they  converge  to  be 
implanted  into  the  great  humeral  ‘ crista  pectoralis : ’ to  these  is 
added  a fasciculus  of  which  the  homologue  may  be  traced  in 
Cetacea  and  Ungulata,  passing  transversely  from  one  insertion  of 
the  pectoral  to  the  other,  and  serving  to  combine  both  trowels  in 
vigorous  fossorial  action.  Of  the  muscles  of  the  jaws  the  ‘ tem- 
poralis ’ is  shown  at  b,  and  the  ‘ masseter  ’ at  c. 

The  Hedgehog  (Erinaeeus)  manoeuvres  its  armour  of  spines  by 
means  of  powerfully  developed  and  specially  arranged  cutaneous 
muscles.  By  putting  any  part  of  the  integument  on  the  stretch, 
the  spines  are  erected,  and  their  points  held  firm  against  the 
assailant : by  the  same  act  of  stretching  the  skin,  the  proportion 
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thereof  to  which  the  prickly  armour  is  restricted  can  be  drawm  over 
fhe  whole  of  the  exposed  surface  of  the  animal,  wliich  in  this  act 
rolls  and  squeezes  itself  into  the  shajie  of  a balL  In  fig.  7,  the 
Hedgehog  is  dissected  as  in  the  ordinary  posture,  or  unrolled. 
The  layer  of  muscle,  a,  a',  a',  consists  of  concentric  fasciculi, 
thin  over  the  middle  of  the  back,  a,  and  becoming  thicker 
toward  the  periphery,  a',  a',  which  is  well  defined.  All  the 
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fibres  arc  closely  attached  to  the  derm,  and  to  the  fibrous  cap- 
sules of  the  roots  of  the  spines.  To  the  circumference  of  this 
circular  muscle  are  attached  shorter  ones  at  right  angles  : a pair 
of  these,  b,  arise  from  the  caudal  diapnpliyses,  pass  fora'ard  and 
expand  to  interblend  urith  the  posterior  periphery : a second 
pair,  d,  with  attachments  to  the  nasal  and  premaxillary  bones, 
pass  backward  over  the  forehead  to  the  anterior  periphery : a 
third  pair,  e,  arising  from  the  fore  part  of  the  sternum,  pass  for- 
ward and  outward,  diverging,  and  ascending  in  front  of  the 
shoulder  to  the  antero-lateral  part  of  a.  A muscle,  c,  from  fascia 
external  to  the  mandibular  angle,  ascends  between  the  auditory 
meatus  and  the  eyeball,  and  combines  with  d in  operating  on  the 
fore  part  of  the  great  orbicular  muscle. 

When  the  Hedgehog  assumes  its  offensively  defensive  position 
it  bends  and  retracts  the  head  and  draws  forward  the  jjclvis, 
curving  the  back,  as  in  fig.  8 : the  converging  sli|)8  h,  c,  d,  e, 
pull  down  the  orbicular  muscle,  which  relaxes  to  slip  over  the 
projecting  parts:  the  peripheral  part, a', n',  having  descended  below 
these,  contracts,  and  encloses  the  head,  limbs,  and  body,  in  an 
orbicular  form.  In  resuming  the  normal  position  the  sphincter 
relaxes,  the  head  is  rotated  forward,  the  j>el\'is  and  tail  are 
drawn  back,  the  limbs  begin 
to  extend  themselves:  the 
orbicularis,  a',  a',  is  pushed 
up  beyond  the  meridian, 
and  then  contracts,  disjws- 
ing  itself,  after  full  exten- 
sion of  the  parts  beneath, 
upon  the  dorsum  of  the 
animal,  as  in  fig.  7.  Su- 
perficial sheets  of  muscle, 
extending  from  the  shoulder 
joint  backward,  s,  and  over 
the  abdominal  region,  ff, 
concur  with  the  above-de- 
scribed in  the  motions  of 
rolling  and  unrolling  the 
animab  One  of  the  lateral 
muscles  of  the  snout  is 
shown  at  m,  the  masseter 
at  o. 

In  the  order  Bruta  the  most  notable  modifications  of  the  mus- 
cular system  are  met  with  in  the  Anteaters. 
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On  reflecting  the  skin  from  the  under  part  “of  the  head  in 
Myrmecophaga  jubata,  there  is  seen  a feeble  developement  of  a 
panniculus  carnosus  in  the  form  of  thin  transverse  fasciculi 
occurring  at  intervals  of  from  two  to  three  inches,  where  they 
underlie  the  rami  of  the  slender  elongated  under-jaw.  These 
muscular  strips  (dermogulares)  have  their  attachments  exclusively 
in  the  integument,  and  aid  in  accommodating  its  movements  to 
the  alternating  expansion  and  contraction  of  the  great  gular  dila- 
tation near  the  base  of  the  tongne.  The  transverse  fasciculi 
are  crossed  by  a longitudinal  strip  of  cutaneous  muscle  {dermo- 
lubialis  posticus)  on  each  side  of  the  under  part  of  the  head  and 
neck ; the  strij)  emerges  from  beneath  the  fore  part  of  the  great 
subpectoral  gland ; it  diminishes  in  breadth  and  increases  in 
thickness  as  it  extends  forward,  assuming  near  the  mouth  the 
character  of  a muscle  independent  of  the  skin,  where,  passing 
beneath  the  tendon  of  the  retractor  anyuli  oris,  it  is  inserted  into, 
or  blends  with,  the  fibres  of  an  accessory  portion  of  the  orbi- 
cularis oris. 

A shorter  longitudinal  muscular  strip  {dermolabialis  anticus) 
arises  from  the  integument  below  the  fore  part  of  the  preceding 
muscle,  becomes  free  as  it  advances,  and  is  inserted  into  the 
proper  orbicularis  oris. 

The  flattened  and  slightly  separated  fasciculi  of  the  dermo- 
abdominalis  arise  from  the  fascia  covering  the  anterior  and  in- 
ferior part  of  the  sternum  and  contiguous  sternal  ribs ; also  from 
a median  raph4  of  the  subcutaneous  fascia,  attached  to  the  linea 
alba,  and  extending  two-thirds  of  the  way  towards  the  pubis. 
The  anterior  two-thirds  of  the  above  muscular  sheet  are  joined 
by  a broad  layer  of  similar  flattened  fasciculi  covering  the  side  of 
the  thorax,  and  the  muscle  so  formed  passes  obliquely  downward 
and  outward,  converging  to  form  a thick  fleshy  band,  about  two 
inches  broad,  which  is  continued  along  the  inner  and  upper  part 
of  tlie  thigh,  and  becomes  slightly  twisted  prior  to  its  attachment 
to  the  aponeurosis  covering  the  knee-joint. 

The  posterior  portion  of  the  dermo-abdominalis  consists  of 
thinner  and  more  scattered  flattened  fasciculi  which  pass  outward 
and  downward,  and,  as  they  diverge  from  the  median  line,  are 
lost  in  the  subcutaneous  fascia  covering  the  tendinous  expansion 
of  the  obliquus  externus  abdominis.  Between  the  dermo-abdomi- 
nalis and  the  proper  abdominal  muscles  there  is  a moderately 
thick  layer  of  elastic  cellular  tissue. 

In  the  dissection  of  the  head  of  the  Great  Anteater,  three  pairs 
of  long  and  slender  muscles  are  met  with,  which  relate  to  the 
movements  of  the  head. 
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The  sternocervicalis  arises  from  the  upper  and  outer  angle  of 
the  manubrium  stcrni,  close  to  the  inner  (mesial)  side  of  the 
sternomaxillaris,  by  a thin  tendon,  which  soon  becomes  fleshy, 
and  the  slender  muscle  gradually  contracts  to  be  inserted  into  the 
fourth  cer^ncal  vertebra. 

The  Bternomastoideus  arises  from  the  outer  angle  of  the  manu- 
brium stemi,  by  a tendon  which,  at  one  inch  from  its  origin, 
becomes  a fleshy  flat  muscle ; this  gradually  increases  in  thickness 
to  a rounded  form,  then  contracts,  and  fonns  a tendon  inserted 
into  the  paroccipital. 

The  tternomaxillaris  arises  from  the  inner  side,  near  the  upper 
and  outer  angle  of  the  manubrium  sterni,  and  from  the  manubrial 
fascia,  central  of  the  clavicular  fascia,  and  of  the  origins  of  the 
sternomastoideus  and  sternocervicalis.  Its  origin  is  by  a flat 
short  tendon : an  ajwneurosis  jMSses  from  one  tendon  to  that  of 
the  fellow  muscle.  The  fleshy  part  forms  a long  slender  band, 
which  passes  forward,  and,  about  four  inches  from  its  origin,  sends 
off  a slender  fleshy  strip  to  tlie  ceratohyoideus.  It  then  advances 
as  a slender  round  fleshy  muscle,  which  degenerates  into  a sul)- 
compressed  tendon  about  half  an  inch  in  length,  opposite  the 
compressor  salioaris.  liesuming  its  fleshy  structure,  it  forms  an 
anterior  subcompressed  belly,  ten  inches  in  length,  and  fi-om  four 
to  five  lines  in  diameter.  This  gradually  contracts,  and  terminates 
in  a slender  tendon  three  inches  long,  which  expands  to  be  in- 
serted into  the  outer  and  under  part  of  the  maxillary  ramus,  six 
inches  in  advance  of  the  angle  of  the  jaw. 

To  the  action  of  the  pair  of  muscles  so  inserted  is  mainly  due 
that  characteristic  movement  of  the  head  of  the  Great  Anteater 
when  it  composes  itself  to  sleep,  and  draws  its  head  downward 
and  backward  between  the  fore-limbs,  in  contact  with  the  chest. 
The  mouth  is  small,  and  susceptible  of  so  slight  an  opening  as 
not  to  require  for  that  action  the  usual  modification  of  this  part 
of  the  stemo-cleido-mastoideus  muscle. 

The  proper  muscles  of  the  jaws  consist  of  the  temporalis,  the 
masseter,  and  the  pterygoidei.  The  chief  peculiarities  of  the 
muscles  in  the  present  species  relate  to  the  unusual  developement 
and  movements  of  the  tongue.  The  mylohyoideus  is  of  unusual 
extent,  and  is  divisible  into  different  portions : two  of  these 
represent  the  normal  mylohyoideus,  and  extend  from  the  sym- 
physis mandibulae  backward  as  far  as  the  ascending  ramus  of  the 
jaw.  A third  portion  arises  fleshy  from  the  inner  side  of  that 
ramus,  whence  its  fasciculi  radiate  toward  the  middle  line,  in  a 
somewhat  twisted  course,  the  anterior  ones  passing  beneath  the 
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second  or  normal  part  of  the  mylonyoideus.  The  fourth  portion 
at  its  anterior  part  arises  from  the  angle  of  the  jaw,  then  from 
the  base  of  the  cranium,  and  afterward  from  a strong  fascia 
extended  thence  backward,  between  the  post-cranial  prolon- 
gations of  the  nose  and  mouth ; the  posterior  and  longest  fasci- 
culi come  off  more  outwardly,  and  radiate  to  spread  over  and 
blend  with  the  gular  fasciculi  of  the  stemoglossi,  passing  out- 
ward and  downward,  and  then  bending  inward  to  envelope 
that  {Mirt  of  the  hyoid  apparatus.  All  the  fibres  of  the  fourth 
portion  terminate  in  a median  raphe,  which  is  less  marked  than 
in  the  anterior  portion.  The  fibres  of  the  posterior  division  of 
the  mylohyoideus,  especially  those  which  are  attached  to  the 
under  surface  of  the  posteriorly  prolonged  nasal  canal,  form  a 
kind  of  muscular  sheath  for  the  basal  part  of  the  muscles  of  the 
tongue. 

The  cerato-hyoidcus  arises  from  the  cerato-hyal : its  fibres 
converge  and  fonn  a fasciculus  which  is  inserted  into  the  commis- 
sural tendon  of  the  genio-hyoid,  and  is  connected  with  a strip 
from  the  sternomajcillaris.  After  giving  attachment  to  the  fore- 
going two  muscles,  and  to  the  anterior  constrictor  of  the  pharynx, 
its  extremity  is  attached  to  the  stylo-hyoideiis  muscle. 

In  most  mammals  the  hyoid  arch,  by  the  length  of  the  ossified 
part  of  the  stylohyal  and  the  extent  of  the  ossification  of  the 
ccratohyal  is  almost  restricted  to  hinge-movements  forward  and 
backward  upon  the  proximal  joints  of  the  stylohyals  as  a fixed 
ix)int ; so  that  the  basihyal  with  the  tongue  cannot  be  very  far 
protruded  or  retracted.  In  the  Myrmecophaga  jubata  the  usual 
place  of  the  stylohyal  is  occupied  by  a long  and  slender  muscle, 
the  stylohyoideus,  which  arises  from  the  petromastoid,  and  after  a 
course  of  five  inches  is  inserted  into  the  ceratohyal,  here  the  first 
bone  of  the  hyoid  arch.  Supposing  the  stylohyoideus  to  contract 
one-third  of  its  length,  it  would  protract  the  hyoid  arch  to  the 
same  extent:  in  which  act  it  combines  with  the  geniohyoidcus. 
The  retraction  of  the  hyoid  arch  is  provided  for  by  the  sterno- 
thyroldic  and  their  continuations,  the  thyrohyoidei. 

Tha gmiohyoideus  arises  by  a single  tendon  from  the  symphysis 
of  the  jaw,  runs  back  beneath  the  raphe  of  the  anterior  mylo- 
hyoideus, slightly  cxi>ands  beneath  the  raj)hc  of  the  middle 
mylohyoideus,  then  again  contracts  and  again  expands,  and  at 
about  ten  inches  from  its  origin  becomes  diffused  into  fleshy 
fibres,  which  gradually  acquire  a breadth  of  six  lines,  continue 
back  in  close  connection  with  the  mylohyoideus  to  the  commissural 
tendon,  and  there  expand,  the  lateral  borders  being  attached 
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thereto.  Here  a mid-line  of  separation 
ap])ear8,  and  the  muscle  bifurcates  into 
two  flat  fasciculi,  which  are  inserted 
into  the  angles  of  the  basihyal. 

The  iternothyroidei,  fig.  9,  p,  p, 
come  off  from  the  sixth,  seventh,  and 
eighth  sternal  bones,  and  from  the 
seventh  and  eighth  sternal  ribs  near 
their  articulations  therewith.  The  in- 
terthoracic  extent  of  these  muscles  is 
six  inches.  Behind  the  manubrium 
the  left  muscle  sends  off  a small  fasci- 
culus of  fibres  to  the  right  one,  and 
the  right  reciprocally  to  the  left. 
Where  the  decussation  takes  place 
there  is  a tendinous  intersection  at  the 
fore  part  of  the  muscle.  In  advance 
of  the  interchange  of  fasciculi  the  ster- 
nothyroidei  diverge  and  emerge  from 
the  chest,  beyond  which  cavity  they 
are  fleshy  throughout  their  extent,  and 
are  inserted  into  the  lower  and  fore 
part  of  the  thyroid  cartilage. 

StemogloMiu,  ib.  g,  i.  This  remark- 
able muscle  arises  fleshy  from  the 
lateral  border  of  the  dilated  xiphoid 
and  last  sternal  bone,  and  from  its 
junction  with  the  last  two  true  ribs. 
Linear  tendinous  intersections  mark 
the  part  of  the  muscle  within  the  chest. 
Emerging  from  beneath  the  manu- 
brium, it  advances  as  a flat  fleshy  mus- 
cle. Opposite  the  hyoid  it  is  perforated 
by  a lingual  artery,  between  four  and 
five  inches  in  advance  it  is  perforated 
by  the  lingual  nerve,  h,  and  here  its  in- 
ferior stratum  is  resolved  into  flattened 
fasciculi  of  fibres  which  decussate  or 
combine  with  those  of  the  ojtpositc 
muscle.  About  six  inches  in  advance 
of  the  biisihyal  these  fasciculi  spread 
over  a dilated  membranous  portion 
of  the  buccal  cavity,  at  the  lower  part 
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of  which  the  base  of  the  tongue  is  situated,  and  here  they  con- 
verge and  blend  with  corresponding  flattened  fasciculi,  sent  off 
from  the  lower  part  of  the  genioglossi,  as  tliese  pass  backward  to 
the  base  of  the  tongue.  The  main  continuation  of  the  stemo- 
glossus,  I,  forms  a rounded  slender  muscle,  which  raises  Uie  buccal 
membrane  so  as  to  form  the  back  part  of  the  fnenum  lingua;, 
penetrates  the  back  part  of  the  base  of  the  tongue,  and  constitutes 
a great  proportion  of  its  substance. 

The  genioglosxus,  ib.  m,  n,  o,  has  a complex  origin,  by  a middle 
portion,  from  the  short  sym]>hysis  mandibula;,  and  by  a flattened 
penniform  series  of  fibres,  fonn  the  lower  biuxler  of  the  mandi- 
bular rami  for  the  extent  of  four  inches  behind  the  symphysis. 
The  symphysial  origin  is  round  and  slender,  and  belongs  more 
directly  to  the  proper  tongue-nniscle : the  ramal  origins  seem  to  be 
the  more  special  fixed  iwint  of  the  subgular  fasciculi.  The  fibres 
of  the  latter  origin  pass  obli<iucly  backward  and  inward,  con- 
verging to  a middle  raphe,  to  which  the  symphysial  origin  closely 
adheres.  The  two  origins  of  the  muscle  are  blended  into  one 
for  about  three  inches  beyond  the  jM)int  of  attachment,  in  which 
extent  the  muscle  forms  a moderately  thick  dcpressctl  mass  along 
the  middle  of  the  under  part  of  the  mouth.  It  then  begins  to 
ex{>and,  and  to  detach  from  its  under  surface  those  subgidar 
fasciculi,  which  diverge  and  unite  ^vith  the  corresjwnding  dis- 
memberments of  the  sternoglossi.  Tlie  main  part  of  the  genio- 
glossus  enters,  as  a single  muscle,  the  fore  j)art  of  the  base  of  the 
tongue,  carrying  into  the  floor  of  the  mouth  a fold  of  buccal 
membrane  forming  the  fore  part  of  the  frienum  lingua;. 

Beneath  the  insertions  of  the  geniohyoidei,  a pair  of  more  slender 
muscles,  epihgoglosxi,  come  off  from  the  median  ends  of  the 
epihyals.  These  muscles,  after  a brief  course,  expand  into  a thin 
layer,  resolve  themselves  into  separate  fasciculi,  and  combine  an 
inch  in  advance  of  their  origin  to  form  a layer  about  eight  lines 
in  breadth  below  the  middle  line  of  the  post-lingual  part  of  the 
mouth,  which  layer  slightly  diminishes  in  size  as  it  approaches 
the  commissure  of  the  sternoglossi,  and,  with  them,  penetrates 
the  back  part  of  the  fra;num  lingua;. 

§ 196.  Muscles  of  Cetacea. — In  the  Cetacea  the  muscles  of 
the  trunk  are  chiefly  developed : those  of  the  limbs  are  restricted 
to  the  pectoral  pair.  Swimming  is  the  principal  mode  of  progres- 
sion in  the  muticate  orders  of  Ggrencephala  : but  the  phytophagous 
Hirenia  have  the  |)ower,  in  order  to  feed  upon  marine  or  littoral 
plants,  of  crawling  at  the  bottom  of  the  sea  and  shuffling  along 
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the  shore  by  means  or  aid  of  their  anterior  members,  which  in  the 
true  Cetacea  are  exclusively  natatory  organs. 

The  head,  in  these,  has  so  little  mobility,  that  its  axis  can  be 
but  slightly  altered,  without  that  of  the  body  altering  also.  With 
bones  so  short,  so  little  mobile,  and  extensively  co-adapted  or 
anchylosed,  as  the  vertebraj  of  the  neck,  muscles  pro|)ortionately 
reduced  should  correspond.  The  cervical  muscles  are,  neverthe- 
less, much  the  same  in  number  as  in  other  Maniiiials ; but  their 
shortness  and  thinness,  principally  in  those  attached  to  the  atlas 
and  the  axis,  are  extreme.  The  homologue  of  the  ‘ splenius 
capitis,’  fig.  1 0,  h,  is  the  best  developed : it  comes  oflF  from  the 
anterior  doi-sal  and  cervical  series  of  neural  spines,  and  its  fibres 
converge  to  be  inserted  into  the  paroccipital  ridge. 

The  muscles  of  the  back  present  no  other  important  mo<lifica- 
tions  than  their  great  develoi)ement,  especially  where  they  are 
prolonged  uiwn  the  caudal  vertebra;.  Thus  the  loni/issimus  dorsi 
and  the  sacro-lumbalix  are  attached  anteriorly  to  the  skull,  and 
jx)steriorly  transmit  their  tendons,  the  first  to  the  end  of  the  tail, 
the  second  to  all  the  transverse  processes  of  this  part  of  the  spine, 
associating  its  movements,  especially  in  the  vertical  direction,  with 
tliose  of  the  back.  The  levator  cauda  takes  its  rise  above  the  five 
or  six  dorsal  vertebrae,  under  the  longissimus  dorsi,  and  often  in 
this  part  blends  with  it ; it  then  extends  freely  as  far  as  the  ex- 
tremity of  the  tail,  where  the  two  muscles  unite  together  again  by 
their  tendons.  They  are  opposed  by  a depressor  cauda,  of  great 
thickness,  which  proceeds  from  the  thoracic  region,  attached  by 
tendinous  slips  to  the  ribs  and  the  contiguous  transverse  processes  ; 
it  is  inserted  into  the  ha:mal  arches  of  the  tail.  A muscle  passes 
from  the  rudimental  lx)nes  of  the  pelvis  to  the  Incmapophyses  of 
the  anterior  portion  of  the  tail.  The  great  recti  abdominis  and 
obliqui  ascendentes  muscles  are  continued  backward  from  the  ab- 
domen, and  attach  themselves  behind  to  the  sides  of  the  anterior 
caudal  vertebra;.  By  this  aggregation  of  muscles  the  tail  of  the 
Cetacea  expands  to  proportions  of  the  trunk,  and  acquires  the 
prodigious  strength  which  it  possesses  for  propelling  the  most 
gigantic  of  the  species,  with  ease  and  swiftness,  through  the 
water ; and,  by  means  of  the  horizontal  expansion  of  the  caudal 
fin,  it  enables  them  to  readily  ascend  to  the  surface  to  respire  and 
again  seek  protection  in  the  deep  abysses  of  the  ocean. 

In  the  great  pectoral  muscle,  part  of  which  is  shown  in  fig.  10, 
at  g,  the  costal  origin  is  extensive,  and  the  portion  which  comes 
off  from  the  short  sternum,  passing  transversely  each  to  its  own 
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humerus,  closely  resembles  the  transverse  connecting  fasciculus 
in  the  Mole. 

The  muscle  answering  to  ‘ levator  scapulas,’  b,  rises  from  the 
paroccipital,  as  well  as  from  the  cervical  diapophyses:  it  ex- 
pands to  be  inserted  into  tbe  fore  and  upper  angle  of  the  scapula 

10 


Mtucle«  o<  poctorat  lln,  Dclphinu*. 


and  the  fascia  covering  the  ‘ infraspinatus : ’ it  is  a protractor,  or 
forward  rotator,  of  the  scapula.  The  ‘ rlioniboidcus,’  a,  is  the 
raiser  of  the  blade-bone.  Two  strong  muscles  attached  to  the 
paroccipital  and  mastoid,  pass,  one,  e,  to  the  sternum  (stemo- 
mastoideus),  the  other  to  the  humeral  tuberosity  (sterno-hume- 
ralis).  The  ‘ latissimus  dorsi,’/,  is  short  and  slender,  coming  oft’ 
by  a few  digitations  from  the  ribs,  and  inserted  into  the  humerus 
and  by  an  extended  aponeurosis  into  the  olecranon.  The  ‘ supra- 
spinatus  ’ is  small : it  is  covered  by  the  ‘ deltoid,’  i.  The  ‘ infra- 
spinatus,’ c,  is  a broad  and  thin  sheet  of  muscle.  Behind  it  is  a 
‘ teres  major,’  k,  also  of  broad  and  flat  fonn ; and  a thick  and 
narrow  ‘ teres  minor,’  I,  The  ‘ serratus  magnus’  docs  not  extend 
forward  beyond  the  ribs  of  the  dorsal  vertebraj. 

In  the  Ungulate  series  the  muscular  system  has  been  traced 
out  in  both  Perisso-  and  Artio-dactyle  species,  but  most  com- 
pletely in  the  Horse,  figs.  11-  13.  In  this  sensitive  quadruped  tlie 
dermal  muscles  arc  well  developed,  enabling  it  to  shake  the 
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whole  skin,  rattling  the  harness  which  may  be  attached  thereto, 
and  to  vibrate  particular  portions  on  which  an  insect  or  other 
irritant  may  have  alighted.  This  * panniculus  carnosus  ’ is  thick 
upon  the  neck,  whence  it  passes  downward,  becoming  ‘ aponeu- 
rotic’ upon  the  fore-limb:  the  sheets  upon  the  sides  and  fore 
part  of  the  trunk  send  a flat  tendon  to  be  inserted,  with  that 
of  the  latissimus  dorsi,  into  tl>e  humerus : and  other  fasciculi 
{>ass  downward  over  the  muscles  of  the  antibrachium,  and 
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terminate  in  a fascial  expansion  over  the  carpo-metacaryial  seg- 
ment. The  posterior  part  of  the  panniculus  spreads  over  the 
loins,  and,  descending,  degenerates  into  an  aponeurosis,  which 
forms,  in  the  male,  a sheath  for  the  penis : the  hinder  portion 
encases  the  rump  and  thigh  in  a strong  carneo-a|wneurotic 
covering,  which  accompanies  the  fascia  lata  to  the  hind  leg. 
On  removing  the  panniculus  carnosus,  the  superficial  proper 
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muscles  of  the  trunk  and  limbs  are  exposed,  as  in  the  side  view, 
fig.  11. 

The  ‘ spinalis  dorsi  ’ repeats  closely  the  characters  of  that  musele 
in  Man.  Its  continuation,  the  ‘ spinalis  cervieis,’  is  in  the  Horse 
of  great  strength  and  imjrartance  : its  origin  commences  from  the 
second  dorsal  spine,  which  origin  is  continued  for  about  one-third 
of  the  way  down  that  spine  toward  its  root : it  arises  likewise  from 
the  third  dorsal  spine  and  the  ligamentum  nuchse ; from  these 
origins  it  runs  forward  to  be  implanted  by  strong  and  distinct  ten- 
dons into  the  spines  of  the  anterior  cervieal  vertebr®. 

The  ‘ longissiinus  dorsi  ’ is  situated  immediately  e.xtcrnal  to  the 
spinalis,  taking  its  origin  from  the  common  mass  of  muscle  that 
arises  beneath  the  lumbar  fascia,  as  well  as  from  the  spinous  pro- 
cesses of  the  loins  and  sacrum,  whence  it  runs  forward  to  be  in- 
serted by  a double  set  of  tendons  into  the  transverse  processes  of 
the  loins  and  back,  and  also  into  the  posterior  ribs  near  their  angles. 
Its  continuation,  the  ‘ transversalis  colli,’  consists  of  very  powerful 
iasciculi,  inserted  respectively  into  the  diapophysial  parts  of  the 
last  five  cervical  vertebra:. 

The  ‘ sacro-lumbalis  ’ arises,  in  conjunction  with  the  latissimus 
dorsi,  from  the  back  of  the  sacrum,  and  also  by  flat  tendons  from 
all  the  ribs,  except  two  or  three  of  the  most  anterior ; and  its  slips 
are  inserted  by  as  many  distinct  tendons  into  the  inferior  edge  of 
all  the  ribs,  except  two  or  three  of  the  hindmost,  and  also  into  the 
transverse  process  of  the  seventh  cervical  vertebra.  The  continua- 
tion of  this  muscle,  the  ‘ cervicalis  ascendens,’  is  chiefly  remark- 
able for  the  strength  of  its  tendinous  insertions  into  the  middle 
vertebra:  of  the  neck. 

The  ‘ multifidus  spina:,’  in  the  dorsal  region,  arises  by  numerous 
tendons  from  the  metapophyses  of  the  sacral,  lumbar,  and  dorsal 
vertebrsB  ; each  slip  running  forward  to  be  inserted  into  the  neural 
spine  of  the  vertebra  in  front  of  that  from  which  it  derives  its 
origin,  the  whole  forming  a thick  mass,  which  fills  up  the  hollow 
situated  between  the  spinous  and  transverse  processes.  In  the 
neck  a similar  disposition  exists. 

Besides  the  ‘ intertransversarii  colli,’  there  is  a scries  of  muscles 
arising  from  the  prezygapophyses  of  the  first  dorsal  and  five  last 
cervical  vertebrae,  and  inserted,  severally,  into  the  side  of  the 
centrum  in  advance : they  are  called  by  Stubbs  ‘ intervcrtcbrales.’* 

The  ‘ longus  colli  ’ arises  from  the  transverse  processes  of  the 
third,  fourth,  fifth,  and  sixth  vertebrae  of  the  neck,  from  which 
origins  it  runs  upward  to  be  inserted  by  distinct  tendons  into  the 

' JI  -. 


Digitized  by  Cooglc 


MCSCtJLAB  SYSTEM  OF  MAMMALIA. 


29 


anterior  part  of  the  bodies  and  transverse  processes  of  the  vertebra? 
above  them,  and  into  the  anterior  surface  of  the  atlas. 

The  muscles  which  raise  or  straighten  the  tail  are  the 
following : — 

The  ‘ sacro-coccygeus  superior  ’ arises  from  the  third  and  suc- 
ceeding sacral  spines,  and  from  those  of  the  anterior  caudal  vertebrae. 
The  fleshy  mass  formed  from  these  origins  gives  off  numerous 
slender  tendons  : the  first  of  these  is  the  shortest,  and  runs  inward 
to  be  inserted  into  the  base  of  the  first  caudal  vertebra,  in  which 
the  articular  apophyses  are  wanting.  The  second  tendon  is  in- 
serted in  a similar  manner  into  the  succeeding  vertebra ; the  third 
into  the  next,  and  so  on  to  the  end  of  the  tail.  Each  tendon  is 
lodged  in  a sort  of  ligamentous  canal,  which  forms  a sheath  for  it 
throughout  its  whole  course.  When  these  two  muscles  act  in 
concert  the  tail  is  raised. 

The  ‘ interspinales  superiores  ’ form  a continuation  of  the  inter- 
spinous  series  of  vertebral  muscles  ; but  as  the  spinous  processes 
of  the  tail  are  short,  and  soon  replaced  by  tubercular  rudiments  of 
the  neurapophyses,  these  muscles  are  here  disposed  obliquely,  being 
more  widely  separated  posteriorly  than  they  are  in  front. 

The  muscles  which  depress  the  tail  all  take  their  origin  in  the 
interior  of  the  pelvis,  and  are  prolonged  to  a greater  or  less  extent 
idong  the  inferior  aspect  of  the  tail.  They  form  four  pairs  of 
series  of  muscles,  called  the  ‘ ileo-coccygei,’  and  ‘ sacro-coccygei 
inferiores ; ’ the  latter  are  the  more  direct  antagonists  of  the  sacro- 
coccygei  superiores,  and  their  tendons  are  received  into  sheaths 
resembling  those  upon  the  upper  surface  of  the  tail,  and  are 
inserted  successively  into  the  base  of  each  caudal  vertebra,  begin- 
ning about  the  seventh. 

The  muscles  adapted  to  move  the  tail  laterally  are  arranged  in 
two  sets  ; the  ‘ ischio-coccygci  extemi,’  a few  fibres  of  which,  in 
the  Horse,  are  connected  with  the  termination  of  the  rectum  and 
the  ‘ intertransversales.’ 

The  muscles  derived  from  the  vertebral  column  which  serve  im- 
mediately for  the  movements  of  the  cranium  have  nearly  the  same 
origins  as  in  the  human  subject,  but  are  comparatively  of  much 
greater  strength,  owing  to  the  inclined  position  of  the  head  with 
respect  to  that  column.  They  may  be  divided  into  such  as  pro- 
ceed, 1st,  from  the  atlas  ; 2nd,  from  the  axis  ; and,  3rd,  from  the 
posterior  cervical  vertebrae  and  ligamentum  nuchae.  To  the  first 
set  belong 

The  ‘ rectus  posticus  minor,’  ‘ rectus  anticus,’  ‘ rectus  lateralis,’ 
and  ‘ obliquus  superior.’ 
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The  muscles  derived  from  the  axis  are  the  ‘rectus  posticus 
major  ’ and  the  ‘ obliquus  inferior.’ 

The  ‘ complcxus  ’ commences  from  the  prezygapophyses  of  the 
third  cervical  vertebra,  continues  its  origin  from  all  those  of 
the  neck  below  that  point,  as  well  as  from  those  of  the  first 
dorsal:  also  by  a strong  tendon  from  the  transverse  processes 
of  the  second  and  third  dorsal  vertebrae;  from  these  origins  it 
runs  forward  to  be  inserted  by  a strong  round  tendon  into  the 
super-occipital  close  to  its  fellow  of  the  opposite  side  : in  this  course 
it  is  connected  by  numerous  tendinous  processes  with  the  ligamen- 
tum  nucha:. 

The  ‘ trachelo-mastoideus  ’ arises  from  the  oblique  processes  of 
the  third,  fourth,  fifth,  sixth,  and  seventh  cervical  and  first  dorsal 
vertebrae,  and  from  the  transverse  processes  of  the  second  and 
third  vertebrae  of  the  back  ; it  runs  forward  external  to  the  last- 
mentioned  muscles  to  be  inserted  by  a strong  tendon  into  the 
paroccipital.  The  alxive  muscles  are  overlapped  by  the  ‘ splcnius 
capitis,’  which,  arising  by  strong  tendinous  processes  from  the 
spinous  processes  of  the  two  superior  dorsal  and  two  last  cervical, 
and  also  extensively  from  the  ligamentum  nuchae,  runs  forwanl  to 
be  inserted  into  the  transverse  processes  of  the  fifth,  fourth,  and 
third  cervical  vertebrae,  and  into  the  transverse  ridge  of  the  super- 
occipital. 

The  muscles  of  the  ribs  and  sternum  present,  in  the  Horse,  a 
disposition  little  differing  from  that  of  the  corresjwnding  muscles 
in  Man  : they  are  the  ‘ scaleni,’  the  ‘ intercostals,’  the  ‘ levatores 
costarum,’  the  ‘ serratus  posticus,’  d,  and  ‘ serratus  anticus,’  I,  and 
the  ‘ triangularis  sterni,’  the  two  latter  of  which  must  be  regarded 
as  depressors  of  the  ribs,  and  consequently  acting  the  part  of 
muscles  of  expiration. 

The  walls  of  the  abdomen  are  composed  of  five  pairs  of  muscles, 
to  which  the  same  names  are  ap]>licablc  as  are  bestowed  upon 
them  by  the  anthropotomist ; but  the  rectus  abdominis  is  much 
more  extensively  develoi>ed.  Arising  from  the  os  pubis,  it  passes 
forward  enclosed  in  its  usual  sheath  to  be  inserted  into  the  ensi- 
form  cartilage  and  into  the  cartilaginous  terminations  of  the 
third,  fourth,  fifth,  sixth,  seventh,  eighth,  and  ninth  ribs,  and 
also  into  the  sternum  between  the  cartilages  of  the  third  and 
fourth  ribs.  There  are  even  fleshy  fibres  derived  from  this 
muscle  prolonged  as  far  forward  as  the  articulation  between  the 
first  rib  and  the  sternum. 

Muscles  of  the  anterior  extremity.  The  ‘ trapezius  ’ consists 
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of  that  part  only  which  is  called  the  ascending  portion  in  the 
human  subject,  and  which  is  inserted  into  the  posterior  margin 
of  the  spine  of  the  scapula.  The  ‘ stemo-mastoid  ’ is  present, 
but  the  ‘ levator  anguli  scapulae,’  the  cleidu-mastoid,  and  the 
clavicular  portions  of  the  tra{)ezius  and  deltoid  are  all  replaced 
by  the  muscular  expansion  which,  taking  its  origin  from  the  par- 
occipital  and  from  the  transverse  processes  of  some  of  the  superior 
cervical  vertebrae,  passes  downward  in  front  of  the  head  of  the 
humerus  and  descends  along  the  inner  surface  of  the  fore-arm, 
into  which  it  is  ultimately  inserted. 

The  ‘ trachelo-acromialis  ’ arises  from  the  transverse  process  of 
the  atlas  and  of  the  four  following  cervical  vertebrae,  descends  toward 
the  shoulder-joint,  making  its  appearance  externally  between  the 
two  divisions  of  the  trapezius,  which  it  separates ; it  then  spreads 
out  over  the  acromial  portion  of  the  scapula,  and  descends  as  far 
as  the  middle  of  the  humerus.  This  muscle  draws  the  shoulder 
upward  and  forward  in  the  Tapir,  and  is  implanted  into  the 
a{K>neurosis  which  covers  the  deltoid:  while,  in  the  Horse,  it 
has  its  insertion  into  the  middle  portion  of  the  humerus  by 
two  aponeurotic  tendons,  which  embrace  the  brachialis  intemus 
muscle. 

The  ‘ serratus  major  anticus  ’ arises  from  the  transverse  pro- 
cesses of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebras,  and 
also  from  the  external  surfaces  of  the  six  superior  ribs : its  origins 
extending  as  far  backward  as  the  insertion  of  the  tendons  of  the 
sacro-lumbalis : from  this  extensive  origin  it  [»8ses  backward 
around  the  chest  to  be  implanted  into  the  base  of  the  scapula,  its 
insertion  occupying  nearly  half  of  the  internal  surface  of  that 
bone.  It  forms,  with  its  fellow  on  the  opposite  side,  a kind  of 
sling,  by  which  the  trunk  is  suspended. 

The  ‘ pectoralis  minor  ’ is  represented  by  a muscle,  which,  arising 
from  the  sternum  and  from  the  first,  second,  third,  and  fourth 
ribs  near  their  sternal  terminations,  runs  upward  and  backward  to 
be  inserted  into  the  superior  costa  of  the  scapula  near  the  base 
of  that  bone;  it  also  contracts  tendinous  attachments  with  the 
aponeurotic  covering  of  the  teres  minor  and  other  scapular 
muscles. 

The  ‘ rhomboideus’  arises  entirely  from  the  ligamentum  nucha;, 
and  from  the  spines  of  the  anterior  dorsal  vertebrae,  whence  it 
runs  outward  to  be  affixed  to  the  base  of  the  scapula. 

The  ‘ omo-hyoideus  ’ is  represented  by  a strong  muscular  fasci- 
culus, from  the  coracoid  tubercle. 
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The  ‘ 8terno-ma«toideu8,’  or  stcrno-maxillaris,  arises  from  the 
anterior  end  of  the  sternum,  and,  running  forward  strong  and 
fleshy,  is  inserted  by  a flat  tendon  into  the  inferior  maxilla 

underneath  the  parotid 
gland,  sending,  however, 
another  tendon  to  be  im- 
planted into  the  root  of 
the  paroccipital. 

Muscles  inserted  into 
the  humerus. 

The  ‘ pectoralis  major,’ 
from  the  aponeurosis  of 
the  external  oblique,  from 
the  two  hinder  thirds  of 
the  sternum;  and  from 
the  fore  part  of  the  ster- 
num. The  first  of  these 
portions  winds  round  to 
be  inserted  into  the  head 
of  the  humerus;  the 
second  ends  in  a fascia, 
which  descends  over  the 
fore-arm,  while  the  third, 
running  in  a transverse 
direction  over  the  inferior 
portion,  is  inserted  into 
the  humerus  along  with 
the  ‘ levator  humeri  pro- 
prius  ’ between  the  biceps 
and  the  brachialis  inter- 
nus : a part  of  the  sternal 
portion  joins  the  corre- 
sponding portion  of  the  opposite  side  to  form  the  ‘ muscle 
common  to  both  arms,’  by  the  action  of  which  the  two  fore-legs 
are  made  to  cross  each  other. 

The  ‘ latissimus  dorsi  ’ is  powerfully  assisted  in  its  action  by 
the  cutaneous  muscle  already  described,  a strong  tendon  from 
which  is  inscrtetl  into  the  humerus  along  with  that  of  the  latis- 
simus dorsi.  Both  arc  intimately  connected  with  the  tendon  of 
the  teres  major,  and  from  this  combination  of  tendons  arises  one 
of  the  heads  of  the  triceps  extensor  cubiti. 

The  ‘ 8uj)raspiniitus,’  the  ‘ infraspinatus,’  the  ‘ subscapularis,’ 
the  ‘ teres  major,’  and  the  ‘ teres  minor,’  with  similar  attachments. 
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difl'er  in  tlieir  proportions  from  those  in  the  human  subject, 
dcjtcndent  ujmn  the  shape  of  the  scapula. 

The  ‘ deltoid  ’ extends  forward  in  nearly  the  same  direction  as 
the  infraspinatus,  and  ha.s  been  nametl  by  hipjx)toniist.s  the 
‘ abductor  longus  brachii.’  The  ‘ coraco-brachialis  ’ takes  its 
origin  from  the  tubercular  remnant  of  the  coracoid  situated 
u|)on  the  superior  costa  of  the  scapula:  the  biceps  has  but 
one  origin,  with  which  the  coraco-brachialis  is  in  no  way  con- 
nected. The  ‘ brachialis  internus,’  fig.  12,  tr,  has  the  same 
arrangement  as  in  the  human  subject:  it  is  the  ‘ short  flexor  of 
the  fore-ann.’  The  ‘triceps  extensor  cubiti,’  fig.  1 1 , c,  consists 
of  three  j>ortions  similar  to  those  named  in  the  human  anatomy 
the  long  extensor,  the  short  extensor,  and  the  brachialis  ex- 
temus:  there  is  also  a fourth  portion,  derived  from  the  common 
tendon  of  the  latissimus  dorsi  and  teres  major,  by  the  inter- 
vention of  which  it  takes  its  origin  from  the  inferior  margin  of 
the  scapida. 

As  might  he  cxjiected  from  the  construction  of  the  bones  of  the 
forearm,  lx)th  the  j)ronator  and  supinator  muscles  are  wanting. 
The  ‘ extensor  carpi  radialis,’  fig.  \\,  a,  h,  is  here  single,  arising 
from  the  anterior  part  of  the  external  condyle  of  the  humerus, 
and  from  the  external  surface  of  that  bone  for  a considerable 
distance:  it  forms  a strong  fleshy  belly,  terminating  in  a powerful 
tcn<lon,  which  runs  to  be  inserted  into  the  base  of  tbe  anterior 
surface  of  the  metacarpal.  This  muscle  seems,  from  the  extent 
of  its  origin,  to  represent  the  long  supinator  and  the  two  radial 
extensors  of  the  wrist  combined,  and  all  three  thus  co-operate  in 
the  extension  of  the  wrist.  There  is  but  one  ‘flexor  carpi  radialis,’ 
fig.  12, />;  it  arises  from  the  external  condyle  of  the  humerus, 
and  is  inserted  into  the  posterior  surface  of  the  base  of  the 
metacarpal,  forming  the  antagonist  to  the  j)receding  muscle. 
The  ‘ flexor  carpi  ulnaris  ’ arises  from  the  jwsterior  part  of  the 
external  protuberance  of  the  os  humeri,  and  also  by  a distinct 
head  fnun  the  juotuberance  situated  above  the  internal  condyle; 
its  tendon  is  inserted  into  the  pisiform  bone  and  into  the  ba.se  of 
the  rudimentary  metacarpal  beneath  it.  The  ‘ extensor  carpi 
ulnaris’  arises  from  the  jwstcrior  j>art  of  the  external  condyle 
of  the  humerus,  and  is  in.scrted,  like  the  preceding,  into  the  os 
pisiforme,  whence  it  is  prolonged  beneath  the  carpus,  so  as  to 
j)Crfomi  the  office  of  a flexor  of  the  wrist.  The  ‘ extensor  com- 
munis digitonim,’  fig.  11,  A,  arises  from  the  external  condyle 
of  the  humerus  and  from  the  contiguous  fascia,  also  from 
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the  upper  and  lateral  part  of  the  radius  ; its  fleshy  belly  is 
strong,  and  terminates  in  a single  tendon,  which  runs  over  the 
foot  to  be  inserted  into  the  last  phalanx,  having  previously 

IS  14 


Uif.tmetiU  of  tbc  fure-llmb,  ir*. 


T>c^p  roufrlea  of  the  thigh  aud  llgxmcnta 
of  the  pelvic  limb  of  the  Horae,  ii-. 


given  off  a slip  to  join  the  tendon  of  the  extensor  minimi 
digiti. 

The  ‘ extensor  proprius  minimi  digiti  ’ is  represented  by  two 
muscles : one  of  these,  called  the  ‘ extensor  of  the  pastern,’  fig. 
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11,7,  is  inserted  by  the  intervention  of  a strong  tendon  into 
the  side  of  the  first  phalanx  of  the  functional  toe.  The  second 
muscle,  placed  between  the  above  and  the  preceding  muscle, 
furnishes  a similar  tendon,  which,  after  passing  in  front  of  the 
car{>u8,  becomes  united  at  an  acute  angle  with  that  of  the  former, 
the  two  co-operating  >vith  each  other  in  extending  the  foot.  The 
tendon  of  the  ‘ alxluctor  longus  pollicis  ’ is  implanted  into  the 
internal  surface  of  the  base  of  the  metacarpal,  so  that  it  thus 
becomes  an  extensor  of  the  foot : it  is  the  ‘ oblique  exten-sor  of 
the  cannon  ’ in  Hippotomy.  The  ‘ flexor  digitorum  sublimis 
perforatus  ’ and  the  ‘ flexor  profundus  perforans  ’ arise  in  com- 
mon from  the  internal  protuberance  of  the  os  humeri,  and  the 
two  are  confounded  together  for  a considerable  distance,  when 
tlie  two  muscles  separate  to  form  two  distinct  tendons ; of  these, 
that  belonging  to  the  flexor  sublimis,  fig.  12,  /,  m,  runs  beneath 
the  annular  ligaments  of  the  carpus,  to  be  inserted  into  the  base 
of  the  proximal  phalanx,  previously  dividing  to  give  passage  to 
the  tendon  of  the  profundus,  i,  on  its  way  to  be  implanted  into 
the  last  phalanx. 

The  following  are  the  principal  ligaments  of  the  fore-limb, 
fig.  13  ; a,  the  ‘ post-scapular,’  c,  the  ‘ prescapular,’  which  extend 
the  base  of  attachment  of  scapular  muscles ; h,  the  ligamentous 
band  strengthening  the  fore  part  of  the  capsule  of  the  shoulder- 
j<jint ; k,  similar  ligaments  strengthening  the  capsule  of  the 
elbow-joint ; e,  e,  internal  lateral  ligaments  of  the  successive 
joints ; d,  ‘ pisiform  ’ ligament ; c,  ligament  from  the  inner 
splint-bone  (metacarpal  ii)  to  the  sesamoid  behind  the  metacarpo- 
phalangial  joint ; o,  ‘ outer  cartilage  of  the  hoof ; ’ p,  inner  cartilage 
of  the  hoof. 

Muscles  of  the  hind-limb.  The  ectogluteus  is  a comparatively 
slender  muscle,  deriving  its  principal  origin  from  the  sacral 
fascia,  but  also  reinforced  by  a long  slender  fasciculus,  which 
descends  immediately  from  the  upper  portion  of  the  ilium.  Its 
insertion  is  into  the  third  trochanter  and  external  rough  surface 
at  the  upper  part  of  the  thigh  bone,  and  also  by  strong  tendinous 
aponeuroses  into  the  fascia  lata. 

The  ‘ mesogluteus,’  fig.  11,  p,  is  the  princi|)al  muscle  in  this 
region  ; it  arises  extensively  from  the  sacro-iliac  aponeurosis,  and 
from  the  external  surface  of  the  ilium ; it  is  implanted  into  the 
outer  surface  of  the  great  trochanter,  and  is  prolonged,  by  means 
of  a strong  posterior  fasciculus,  toward  the  lower  extremity  of 
the  femur. 

The  other  muscles  inserted  into  the  great  trochanter — namely, 
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the  ‘cntogluteus,’  fig.  12,  f,  the  ‘quadratus  femori><,’  the  ‘obturator 
extcrnus/  the  ‘oliturator  intcrnus,’  the  ‘ gemelli,’  and  the  ‘ pyra- 
inidalis  ’ — present  a disposition  similar  to  that  which  they  have  in 
the  human  body. 

The  muscles  passing  between  the  jielvis  and  the  lesser  tro- 
chanter, and  also  those  that  anse  from  the  puhi.s  to  be  implanted 
into  the  internal  surface  of  the  thigh,  are  the  ‘ ])soas  magnus,’  the 
‘ iliacus,’  the  ‘ pectina:us,’  and  the  ‘ triple  adductor,’  fig.  12,  p. 

The  flexor  muscles  of  the  leg  are  the  ‘ biceps  flexor  cruris,’  the 
‘ semimembranosus,’  the  ‘ semitendinosus,’  the  ‘ sartt>rius,’  the 
‘ gracilis,’  and  the  ‘ poplitams,’  all  of  which  are  enclosed  by  the 
dense  fascia  of  the  thigh,  which  is  kept  tense  by  the  action  of  a 
‘ tensor  vaginaj  femoris.’  The  last-named  muscle,  calletl  also  the 
‘ musculus  fascias  lata;,’  arises  from  the  anterior  portion  of  the 
crest  of  the  ilium,  whence  it  descends  obliquely  downward,  en- 
closed between  two  layers  of  the  fascia,  covering  the  thigh,  into 
which  it  is  strongly  inserted. 

The  extensor  muscles  of  the  leg — viz.,  the  ‘ rectus,’  fig.  11,  It, 
the  ‘ vastus  infernus,’  fig.  12,  7,  the  ‘ vastus  externus,’  fig.  1 1,  ;j, 
and  the  ‘cruraius’ — offer  in  all  quadrupetls  the  same  general  dis- 
position as  in  Man,  the  three  last  fonning  one  great  common 
muscle,  ‘ trifemoro-rotuleus.’  The  anterior  margin  of  the  thigh 
is  formed  by  the  ‘ sartorius,’  which  here,  from  its  jaisition  and 
office,  has  been  named  by  hip[)otoinists  the  ‘ long  adductor  of  the 
thigh.’ 

The  ‘ laceps  cruris  ’ arises  by  a single  origin,  which  is  derived 
from  the  ischium,  and  the  neitrhbourino  ligaments  and  fascial  e.\- 
]>ansions.  This  muscle  covers  a large  proportion  of  the  outer 
surface  of  the  thigh  : its  principal  insertion  is  into  the  head  of  the 
fibula,  but  it  likewise  throughout  its  whole  length  contracts  ex- 
tensive and  important  attachments  with  tlie  fascia  lata,  so  that  it 
also  becomes  a j)owcrful  extensor  of  the  thigh.  There  is,  how- 
ever, a distinct  jwrtion  of  the  biceps  derived  from  the  sacro- 
seiatic  aixmeurosis,  the  fibres  of  which  arc  directed  obliquely’  from 
before  backward,  wbich,  meeting  the  ischiatic  ]>ortion  at  an 
angle,  form  with  it  a kind  of  raphe,  which  is  prolonged  for  some 
dLstancc.  Tins  muscle  is  called  ‘ vastus  longus  ’ in  Hippotomy. 
The  ‘gracilis,’  fig.  12,  «,  is  a very  considerable  muscle;  it  is 
called  by  hipjRitomists  the  ‘short  adductor  of  the  thigh,’  whilst 
they  usually  give  the  name  ‘ gracilis  ’ to  the  semitendinosus. 
The  ‘ semimembranosus  ’ and  ‘ semitendinosus  ’ have  the  same 
origin  and  general  arrangement  as  in  Man  ; but  both  of  them  are 
inserted  into  the  tibia  by  a broad  aiKjneurosis,  extending  much 
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lower  down  than  in  the  human  suhjcrt,  a circumstance  whidi 
causes  the  leg  to  l>e  permanently  kept  in  a scmiflexed  condition. 

The  ‘ gastrocnemius,’  fig.  11,6,  is  relatively  less  earncous  than  in 
Man  : the  ‘solieiis’  is  slender  and  feehlc:  hnt  the  ‘ plantaris,’  fig. 
12, 13,  is  remarkably  developed  ; it  arises  from  the  fossa  above  the 
external  femoral  condyle:  its  tendon,  is, is  continued  downward, and 
runs  over  the  extremity  of  the  os  calcis,  where  it  is  enclosed  in  a 
sheath;  psissing  on  from  this  point,  it  divides,  18,  to  he  inserted  ujMin 
each  side  of  the  jiosterior  surface  of  the  proximal  phalanx  towards 
its  inferior  e.xtremity,  here  giving  passage  between  its  two  inser- 
tions to  the  tendon  of  the  long  flexor  of  the  toe,  which  it  serves 
to  bind  down  closely  to  the  pastern  when  the  fetlock  joint  is  bent, 
thus  seeming  to  perform  the  functions  both  of  the  ‘ plantaris  ’ and 
of  the  short  flexor  of  the  toes. 

The  ‘tibialis  anticus,’  fig.  12,  37,  is  implanted  into  the  anterior 
surface  of  the  base  of  the  metatarsal,  so  as  to  be  an  extensor  of 
that  portion  of  the  foot.  The  ‘ tibialis  ixisticus  ’ is  seen  at  25  and 
2fi,  fig.  12.  The  ‘ popliteus,’  ib.  23,  is  a piiwerful  muscle.  The 
three  ‘ peronci  ’ are  represented  by  a single  muscle,  the  tendon 
of  which  becomes  conjoined  with  that  of  the  long  extensor  of 
the  digit,  with  which,  when  in  action,  it  co-operates.  The 
flexor  mu.scles  are  reduced  to  a state  of  extreme  simplicity ; the 
short  flexor  communis  is  wanting;  the  ‘plantaris,’  as  described 
al»ove,  has  a double  insertion  into  the  base  of  the  great  pastern 
Ixine,  and  jiresents  a similar  disjiosition  to  that  of  the  flexor  per- 
foratus  in  digitate  quadrupeds,  while  the  ‘ flexor  communis  longus 
perforans,’  fig.  12,  28,  here  serving  a single  tendon,  29,  appropriated 
to  the  solitary  toe,  passes  on  as  usual  to  be  inserted  into  the  last 
phalanx,  30,  31.  The  homologue  of  the  ‘flc.xor  longus  hallucis’ 
exists  in  the  Horse,  notwithstanding  the  absence  of  the  hallux ; 
but,  instead  of  its  usual  destination,  it  here  becomes  aflixetl  to  the 
tendon  of  the  flexor  communis  perforans,  to  which  it  forms  a 
jx>werful  auxiliary. 

The  ‘ e.xtensor  communis,’  fig.  11,  2i,  terminates  in  a single 
tendon,  25,  which  is  inserted  into  the  doreum  of  the  last  phalanx 
of  the  foot:  it  receives,  however,  in  its  course,  a few  fleshy  fibres, 
w,  deriverl  from  the  metacarpal  and  representmg  the  ‘ extensor 
brevis  ’ of  iinguiculate  quadrujicds. 

In  fig.  14,  showing  the  chief  ligaments  of  the  hind  limb,  are 
represented  the  ‘ iliacus  interniis,’  i,  k,  I,  and  the  ‘ ejiicotyloideus,’ 
«,  a small  and  peculiar  muscle,  which  arises  by  a flat  tendon,  b, 
from  above  the  origin  of  the  rectus  cruris,  d,  and  is  inserted  at  the 
fore  and  outer  part  of  the  neck  of  the  femur,  e,  below  the  head  ; 
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its  fibres  are  attached  to  the  capsular  ligament.  21  is  the  ‘ rotulo- 
condylar  ligament ; ’ 22  the  ‘ rotular  ligament ; ’ 23  the  ‘ external 
rotular  ligament ; ’ 10  the  ‘ condylo-fibular  ligament ; ’ is  the  ‘ ex- 
ternal semilunar  cartilage;  ’ 25  the  ‘ calcaneal  ligament 26, 26,  the 
‘ external  lateral  ligaments  ’ of  the  ankle  and  succeeding  joints  ; 
27  the  ‘ ant-oblique  ligament ; ’ 28  the  ligament  from  the  outer 
splint-bone  (metatarsal  iv)  to  the  sesamoid  behind  the  metacarpo- 
phalangial  joint ; 38  and  39  are  cartilages  of  the  hoof. 

Muscles  of  the  hyoid  arch.  The  ‘ sterno-hyoideus  ’ and  the 
‘ sterno-thyroideus  ’ form  a single  muscle,  which  divides  to  be 
inserted  into  both  the  larynx  and  os  hyoidcs.  The  ‘ omo- 
hyoideus,’  fig.  11,  a,  is  a very  strong  muscle.  The  ‘stylo- 
hyoideus  ’ furnishes  a sheath  to  the  longer  |x)rtion  of  the  digas- 
tricus,  and  extends  from  the  furcate  extremity  of  the  stylohyal  to 
the  base  of  the  thyrohyal.  There  is  also  a ‘ cerato-hyoideus  ’ 
extending  between  the  thyrohyal  and  the  thyroid  cartilage.  The 
‘ paroccipito-styloideus  ’ is  a short  thick  muscle,  derived  from  the 
paroccipital,  whence  it  descends  toward  the  angle  of  the  stylo- 
hyal, into  which  it  is  inserted,  above  the  origin  of  the  stylo- 
hyoideus. 

Facial  muscles.  The  ‘ occipito-frontalis  ’ has  the  usual  origin 
from  the  posterior  part  of  the  cranium,  whence,  running  forward, 
it  covers  the  skull  with  its  tendinous  ajioncurosis,  and,  in  front, 
spreads  in  muscular  slips  upon  the  forehead,  some  of  which, 
fig.  11,  12,  extend  downward,  to  spread  over  those  of  the  orbicu- 
laris palpebrarum. 

Situated  upon  the  outer  side  of  the  orbit  there  is  another 
descending  slip  of  muscle  derived  from  the  lateral  cartilage  of  the 
ear,  which,  hy  elevating  the  external  canthus  of  the  eye,  con- 
trihutes  to  the  expression  of  that  organ. 

The  ‘ levator  anguH  oris,’  fig.  11,  n,  is  inserted  into  the  upper 
lip  and  margin  of  the  nostril : it  has  two  origins,  derived  from  the 
surface  of  the  superior  maxillary  bone,  between  which  the  lateral 
dilator  of  the  nostril  and  upper  lip  passes  to  its  destination.  The 
‘ zygomaticus  ’ is  a depressor  of  the  external  angle  of  the  eye,  as 
well  as  an  elevator  of  the  corner  of  the  mouth,  its  fibres  being 
intermixed  with  those  of  the  orbicularis  palpebrarum,  as  well  as 
of  the  orbicularis  oris. 

The  ‘ long  dilator  of  the  nostril,  and  elevator  of  the  upper  lip’ 
arises  at  a little  distance  below  the  inferior  margin  of  the  orbit ; 
and,  passing  between  the  two  origins  of  the  levator  anguli  oris, 
terminates  in  a tendon,  which  becomes  connected  with  that  of  the 
opposite  side,  and  then  spreads  out  in  front  of  the  upper  lip. 
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Vertical  acction  of  tlie  middle  nr  functional  dliflt  of  the  fore- 
foot of  the  Hureo.  iii". 


From  the  tendon  of  the  last  muscle  arises  the  ‘ anterior  dilator 
of  the  nostril,’  fig.  11,  t,  which,  acting  upon  the  interior  nasal 
cartilage,  powerfully  expands  the  aperture  of  the  nose.  The 
‘orbicularis  oris,’  fig.  11,  o,  the  ‘levator  labii  superioris,’  the 
‘elevator  of  the  chin,’  is 

and  the  ‘ depressors  of 
the  lower  lip,  and  angle 
of  the  mouth,’  are  well 
developed. 

The  anatomy  of  the 
Umba  of  the  Horse 
would  be  incomplete 
without  a notice  of  the 
structure  of  the  terminal 
segment  of  these  best  of 
terrestrial  locomotive  or- 
gans, in  the  perfection  of 
which  the  whole  mecha- 
nical force  is  concentrated 
on  a single  hoof. 

The  longitudinal  scetion  of  the  huge  finger  that  forms  the  foot 
or  ‘ hoof’  of  the  horse,  fig.  15,  shows  the  structure  of  the  three 
phalanges— proximal  i,  middle  2,  and  distal  or  ungual  4,  with  that 
of  the  sesamoid,  or  nut-bone  .i,  adding  to  the  levci--power  of  the 
division  of  the  tendon,  7,  of  the  flexor  profundus,  going  to  the  last 
phalanx : the  insertion  of  the  tendon  of  the  ‘ flexor  sublimis,’  s, 
and  that  of  the  tendon  of  the  common  ‘extensor,’  5,  are  also  shown. 
The  hoof-box  of  the  ungual  phalanx  is  denser  at  its  periphery,  12, 
than  at  its  base,  10,  but  is  not  continuous  over  either  surface  ; the 
former  part  is  the  ‘ wall,’  the  latter  the  ‘ floor  ’ of  the  homy  or 
‘ insensible  ’ hoof.  The  wall,  or  ‘ external  wall,’  has  the  form  of  a 
hollow  cone  obliquely  truncate  above,  so  that  it  is  highest  in  front, 
12,  becoming  vertical,  and  lower  as  it  extends  backward,  losing 
density,  degenerating  partly  into  the  elastic  tissue,  9,  but  being 
mainly  inflected  inward,  toward  the  centre  of  tlie  sole,  where  it 
blends  with  the  horny  ‘ floor,’  and  forms  the  ‘ internal  wall : ’ 
this  supports  the  superineumbent  softer  elastic  tissue,  and  partly 
that  called  the  ‘frog,’ fig.  16,  3,  for  which  a triangular  space  is 
left  between  the  inflected  parts  of  the  ‘ internal  wall.’  Thus  the 
posterior  part  of  the  periphery  and  of  the  floor  of  the  ‘ hoof’  is 
left  uncovered  by  the  horny  box,  which  is  accordingly  free  for  a 
certain  degree  of  elastic  expansion  and  contraction,  especially 
posteriorly.  The  inner  surl'ace  of  the  ‘ wall  ’ is  produced  into  a 
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number  of  sub  vertical  lamella;,  fi".  17,  3,  with  which  iiiterdi<ri- 
tate  corresponding  lamella;,  ib.  i7,  from  the  periosteum  of  the 
ungual  phalanx : the  firet  are  called  the  ‘ horny  lamella;,’  the 
second  the  ‘ vascular ’ or  ‘sensitive  lamella;.’  At  the  intei-space 
between  the  inflected  parts  or  prongs  of  the  ‘ wall  ’ projects  the 
mass  of  elastic  subcorneous  tissue  called  by  the  French  farriers 
‘ fourche,’  and  misnamed  by  the  English  ‘ frog.’  In  the  horizontal 
section  of  the  hoof,  fig.  16,  in  which  a part,  2,  is  reflected  back,  the 

‘ frog,’  3,  is  seen  to  extend  to  the 
centre  of  the  sole:  its  exposed  outer 
surface  is  the  hardest  and  most 
horny  ; but  this  tissue  is  not  so  thick 
as  some  farriers,  nusapplying  the 
paring-knife,  suppose : it  gradually 
piisscs  into  ehi-stic  tissue:  it  is  im- 
pressed at  its  middle  part  by  the 
‘ cleft  of  the  frog,’  and  is  reflected 
u|)on  the  ‘ internal  wall.’  In  fig. 
16,  2,  6,  is  the  section  of  the  ‘ wall ;’ 

3,  the  uj>pcr  surface  of  the  ‘ frog;’ 

4,  4,  arc  the  parts  of  the  ‘ wall  ’ 
called  the  ‘ heels ; ’ 5,  parts  of  the  sole 
called  the  ‘bars;’  7 — ii  indicate  the 
boundaries  of  the  space  lodging  the 
frog  ; 12,  are  the  ‘ vascular  lamella;.’ 
The  homy  matter  of  the  sole  possesses 
more  elasticity  than  that  of  the  wall : 
the  sole  is  slightly  concave  toward 
the  ground,  abutting  by  its  lower 
circumference  ag.ainst  the  wall : it  is 
cleft  to  its  centre  by  the  triangular 
space  through  which  the  frog  jiro- 
jeets. 

In  fig.  17,  1 is  the  skin  reflected; 
2,  soft  elastic  tissue,  with  oil,  forming  a cushion  behind  the  me- 
taearpo-phabangial  joint;  3,  ‘wall’  of  the  hoof  turned  back, 
showing  the  horny  lamcllic ; 4,  section  of  front  part  of  the  ‘wall;’ 
5,  6,  ligamcnUius  parts  of  metacarpo-phalangial  joint ; 7,  tendon 
of  common  ‘ extensor;’  s,  9,  lo,  those  of  the  deej)  and  superficial 
flexors  ; 15,  exjiansion  of  the  great  anterior  cartilage  of  the  hoof ; 
i«,  the  ‘ coronary  frog-band ’ reflected ; i:,  the  ‘ vascular  lamella;; ’ 
19,  clastic  portion  of  the  ‘frog;’  the  ‘coronary  venous  plexus’ 
is  shown  at  ;">. 
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In  the  Indian  Rhinoceros  the  panniciilus  camosiis  is  more 
discontinuous  than  in  other  Perissodactylcs,  but  where  it  exists 
is  of  unusual  thickness.  One  slicet  at  the  side  ot  the  thora.\ 
sends  its  fascia  into 

the  interstice  of  the  •' 

dermal  fold  in  front 
of  the  fore  limbs.  A 
similar  ]M>rtion  be- 
hind is  inserted  into 
the  posterior  fold  of 
the  skin,  suggesting 
that  such  permanent 
folds  served  the  pur- 
|M>se  of  oifonling  a 
firmer  insertion  to 
the  aponeuroses  of  the 
cutaneous  muscles 
than  a plane  surface 
could  have  done.  Two 
sheets  of  panniculus 
rise,  broad  and  thick, 
one  on  each  side  of 
the  anterior  part  of 
the  abdomen  from 
the  su|)erficial  fascia, 
and,  passing  back- 
ward, terminate  in 
ajioneuroses  covering 
knee-joint.  As  the 
patella:  are  higher 

than  the  line  of  the 
abdomen,  in  the  erect 
position  of  the  animal,  the  preceding  muscles  afford  additional 
8iip{>ort  to  that  bulky  part,  some  of  tbc  weight  thus  being  trans- 
ferred to  tbe  hind-legs,  which,  reciprocally,  are  by  these  muscles 
drawn  forward  in  locomotion.' 

§ 198.  Alnsch’g  of  Artiodactyla. — In  the  Ruminant  division 
of  the  Artiodactylc  Ungulates  the  ‘panniculus  carnosus  ’ is 
better  developed  than  in  tbc  non-ruminant  group,  e.  g.  the  hog 
and  the  hippojwtamus.  The  fixed  |H>ints  from  which,  in  tbc 
ox,  tbe  well-developed  sheets  of  dermal  carncous  fibres  act  on 
the  skin  arc  the  scapula,  mandible,  ilium,  pubis,  and  patella:  a 
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Bubjacont  layer  of  fascia  allows  the  play  of  the  ‘panniculus’ 
independently  of  the  main  masses  of  the  muscular  system,  fig. 
18.  To  the  sheet  of  cameous  fibres  spreading  from  the  scapular 
fascia  over  the  neck  the  term  ‘ cutaneus  colli’  is  applied:  to  a 
thinner  layer  extending  from  the  fore  part  of  the  neck  over  the 
forehead  and  cheeks  to  the  lips,  that  of  ‘ cutaneus  faciei.’  The 
thick  layer  expanding  from  the  supra-scapular  attachment  over  the 
shoulder  and  part  of  the  fore-limb  is  the  ‘ cutaneus  humeri ; ’ that 
which  extends  from  the  iliac  and  pubic  fascia  lata,  and  from  the 
patella,  forward,  expanding  upon  the  abdomen,  is  the  ‘ cutaneus 
abdominis  : ’ the  ‘ musculus  preputialis,’  in  the  Bull,  is  a deriva- 
tion from  the  foregoing  dermal  muscle. 

The  ‘ ti-apezius,’  fig.  18,  lo,  ii,  answers  to  the  scapular  division 
of  that  muscle  in  Man;  it  arises  in  the  Ox  from  the  neural  spines 
of  the  anterior  half  of  the  thorax,  and  from  the  ‘ ligamentum 
nucha;.’  In  the  Giraffe  it  is  in  two  portions : one  arises  from  the 


18 


Supernclal  muiclet  of  ihc  Cow.  iv* 


transverse  processes  of  the  fifth  and  sixth  cervical  vertebrae,  its 
fleshy  part  is  thick  and  strong  but  expands  as  it  passes  down- 
ward and  backward  and  finally  is  lost  in  a strong  fascia  over- 
spreading the  shoulder-joint ; the  second  jjortion  is  thin  and 
broad,  arises  from  the  ligamentum  nuch»,  and  is  inserted  into  the 
fascia  covering  the  scapula.'  The  ‘ masto-humeralis,’  fig.  18,  s,  s, 
may  represent  the  ‘ cleidal  ’ part  of  the  trapezius  in  claGculate 
Ungulates:  it  arises  by  an  ajmneurosis  from  the  ligamentum 
nuchse,  and,  by  a tendon,  from  the  paroccipital ; the  chief  and 
more  superfici.al  portion  is  inserted  into  the  humerus,  the  deei>er 
portion  into  the  sternum.  The  ‘latissimus  dorei,’  fig.  18,  12,  in 
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the  Ox,  as  in  the  Horse,  is  a comparatively  small  muscle,  and  acts 
upon  both  humerus  and  antibrachium.  The  ‘ rhomboideus,’  fig. 
19,  9,  is  not  single,  as  in  the  Horse  and  Girafie,  but  consists  in 
the  Ox  of  pre-  and  post-rhomboid  portions  : the  former  rises  from 
the  nuchal  ligament,  as  far  forward  as  its  occipital  insertion : the 
latter  from  the  spines  of  the  two  or  three  anterior  dorsals ; both 
converge  to  be  inserted  into  the  base  of  the  scapula. 

The  ‘splenius  capitis,’  fig.  19, 7,  arises  from  the  anterior  dorsal 
and  posterior  cervical  spines  ; the  fibres  diverge  to  a flat  tendon 
inserted  into  the  paroccipital  and  the  ridge  rising  therefrom.  In 
the  Sheep  an  insertion  of  a small  fasciculus  into  the  diajjophysis  of 
the  atlas  represents  the  ‘ splenius  colli.’  The  ‘ scaleni  ’ form  three 
strong  muscles  in  the  Catnelidce,  in  the  Giraffe  four,  which  rise 
from  the  fourth  to  the  seventh  cervical  vertebrae  and  are  inserted 
into  the  manubrium  stemi  and  first  rib.  The  ‘ scalenus  anticus  ’ 
in  the  Cow  is  shown  at  12,  fig.  19.  The  ‘ steruo-maxilinris  ’ arises 
from  the  manubrium  and  divides,  at  9,  fig.  18,  to  be  inserted  into 
the  paroccipital  and  mandibular  angle. 
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The  ‘ levator  anguli  scapulai,’  fig.  19,  s,  arises  from  the  pleur- 
apophyses  of  the  third  and  fourth  cervical  vertebra;,  and  is  inserted 
into  the  anterior  angle  of  the  scapula : it  seems  part  of  the  follow- 
ing muscle. 

The  ‘ serratus  magnus,’  fig.  1 9,  lo,  has  an  extensive  origin 
from  the  pleurapophyses  of  the  anterior  half  or  two-thirds  of  the 
dorsal  series,  forward,  to  that  of  the  fifth  cervical  inclusive,  by 
‘ dentations,’  or  an  angular  strip  from  each : the  fibres  converge,  as- 
cending beneath  the  scapula,  to  be  inserted  into  the  cartilaginous 
suprascapula.  Thus,  as  the  fore-part  of  the  trunk  is,  as  it  were, 
slung  upon  the  two  great  serrate  muscles  which  principally  support 
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the  weight  of  the  deep  chest  of  the  Ruminants,  the  interposition 
of  tlic  elastic  cartilages  between  the  uj)per  attachments  of  the 
muscles  and  the  capitals  of  the  bony  columns  of  the  two  fore-legs 
is  attended  with  the  same  advantage  as  is  obtained  by  slinging  the 
bo(ly  of  a coach  upon  eliistic  springs. 

The  main  body  of  the  ‘pectoralis  major,’  fig.  18,  I3,  rises  from 
the  sternum  and  ensifonn  cartilage,  the  fibres  converging  to  the 
tendon  inserted  in  the  outer  tuberosity  of  the  humerus  : the  an- 
terior derivative  from  this  muscle,  effecting 
the  crossing  of  the  fore-limbs,  is  present  in 
Ruminants  as  in  Solipeds  and  Cetaceans.  Two 
innseles  converge  to  an  insertion  answering  to 
that  of  the  ‘ deltoid  ; ’ one  is  the  superficial 
])ortion  of  the  ‘ masto-humeralis,’  fig.  18,  8, 
fig.  19,  11  ; the  other,  ib.  14,  arises  from  the 
sjiinc  and  post-spin.il  fossa  of  the  scapula:  the 
latter  is  the  proper  homologue  of  the  ‘ deltoid.’ 
The  ‘ supra-  or  pre-spinatus  ’ is  shown  at 
I,  figs.  20  and  21 ; it  is  inserted  by  a double  ten- 
don into  the  fore  and  inner  tuberosities  of  the 
humerus : the  ‘ infra-  or  post-spinatus,’  fig. 
20,  2,  has  a single  strong  insertion  into  the 
outer  tuberosity.  The  insertion  of  the  ‘ teres 
major  ’ is  seen  at  fig.  20,  3. 

The  subscaj)ularis,  fig.  21,  2 and  2*,  con- 
si.sts  of  two  chief  masses,  and  corresponds  in 
length  and  narrowness  with  the  bone  from 
which  it  originates  ; it  consequently  produces, 
like  the  muscles  on  the  opposite  surface  of  the 
sca])ula,  more  rajiid  and  extensive  motion  of 
the  humerus,  to  the  inner  tuberosity  of  which 
it  is  attached.  The  ‘ coraco-brachialis,’  fig.  20, 
8,  arises  from  the  tuberous  representative  of 
the  coracoid  ; its  insertion  into  the  humerns  ex- 
tends down  to  the  inner  condyle.  The  ‘ biceps 
braebii,’  fig.  21,  io,  shows  an  origin  from  the 

Mu-ck^of  Cow;  / ^ ’ ’ i • /• 

from  iiif  uiHrr  tiuuar>  aide.  coracoKi  as  wcll  OS  the  ciiici  onc  from  above 
the  glenoid  cavity  of  the  scajinla.  It  is  in- 
serted into  the  radius,  below  the  usual  tuberosity,  and  also  sends  a 
strip  of  tendon  to  the  .intibr.ichial  aponeurosis.  In  the  Camelidm 
the  tendon  of  origin  is  double,  but  ajqwoximated,  and  encloses  a 
sclerous  sesamoid  a.s  it  passes  over  the  head  of  the  humerus.  The 
‘ brachialis  internus  ’ rises  from  the  neck  of  the  humerus  ; its  in- 
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sertion,  fig.  21,  ii,  is  anterior  to  that  of  the  biceps.  The  massive 


muscles  answering  to  the  ‘triceps  extensor’  are  the  ‘extensor 
longus,’  figs.  20  and  21,  5,  the  ‘ext.  latus,’  fig.  20,  4,  the  ‘ ext. 
medius,’  fig.  21,  6,  and  the  ‘ ext  brevis,’  fig.  21, 7.  The  ‘ anconeus 
extemus,’  fig.  20,  6,  appears  to  be  another  part  of  this  system  of 
muscles  acting  on  the  trunk  through  the  scapula  and  reciprocally 
on  the  supporting  limb.  A small  fasciculus,  fig.  21,  I3,  arising 
from  the  inner  part  of  the  distal  end  of  the  21 


humerus,  and  inserted  into  the  upper 
half  of  the  radius,  acts  feebly  as  a flexor, 
and  seems  to  represent  the  ‘ pronator  teres  ’ 
of  Unguiculates.  The  ‘ extensor  carpi  radi- 
alis,’  fig.  21,  12,  is  inserted  into  the  fore- 
part of  the  ‘ cannon-bone.’  The  ‘ flexor 
carpi  radialis,’  fig.  21,  U,  sends  its  tendon 
behind  the  carpal  joint  to  the  back  jiart  of 
the  cannon-bone.  The  muscle,  fig.  20,  10, 
which  is  inserted  into  the  inner  (radial) 
side  of  the  cannon-bone,  has  an  homolo- 
gous origin  with  that  of  the  ‘ abductor 
pollicis.’ 

The  ‘extensor  digitorum  longus,’  fig. 
20, 11,  sends  its  two  tendons  in  front  of  the 
carpus  and  cannon-bone ; the  inner  one  is 
inserted  into  the  middle  j)halanx  of  the 
inner  (vol.  ii.  fig.  193,  Hi)  digit ; the  outer 
tendtin  divides,  to  be  inserted  into  the  un- 
gual phalanges  of  both  functional  digits. 
The  ‘ extensor  brevis  digitorum,’  fig. 
20,  12,  is  inserted  into  the  middle  phalanx 
of  the  outer  (ib.  iv)  functional  digit.  The 
‘ flexor  carpi  ulnaris,’  fig.  20,  13,  is  in- 
serted into  the  ‘ pisiforme  ’ and  outer  side 
of  the  head  of  the  cannon-bone.  The 


‘flexor  perforans  digitorum,’  fig.  21,  is, 
sends  its  flat  and  strong  tendon  behind 


of  ilic  (k>w 

from  tbe  Inuer  (radUI)  aide.  iv**. 


the  cannon-bone,  near  the  lower  end  of  which  it  divides,  and 


jierforates  the  corresponding  divisions  of  the  ‘ flexor  perforatus,’ 
to  be  inserted  into  the  ungual  phalanges  of  the  digits.  Hi,  iv,  fig. 
193,  Ox,  vol.  ii.  The  ‘flexor  carpi  ulnaris  internus,’  fig.  21,  is, 
is  inserted  into  the  ‘ pisiforme.’ 

Tlie  ectoglutcus,  fig.  18, 15,  arises  from  the  fore  part  of  the  ilium 
and  sacral  fascia,  and  is  inserted  into  the  lower  part  of  the  great 
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trochanter ; it  is  closely  connected  with  the  ‘tensor  fasciae  feinoris.’ 
This  muscle,  fig.  18,  16,  arising  from  behind  the  outer  iliac  tube- 
rosity, expands  upon  the  thigh,  and  is  lost  in  fascia  covering  the 
knee-joint,  and  attached  to  the  spine  of  the  tibia,  whereby  the 
muscle  becomes,  with  the  rectus,  a flexor  of  the  thigh.  There  is  a 
‘ sartorius  ’ crossing  obliquely  the  inner  side  of  the  thigh,  and  in- 
serted aponeurotically  into  the  inner  side  of  the  head  of  the  tibia. 
The  ‘ mesogluteus,’  flg.  19,  is,  arising  from  the  outer  side  of  the 
ilium,  is  inserted  into  the  outer  part  of  the  great  trochanter.  The 
‘ entogluteus,’  ib.  19,  rises  above  the  acetabulum,  and  is  inserted 
into  the  upper  part  of  the  great  trochanter.  The  ‘biccjis  femoris,’ 
fig.  18,  17,  18,  arises  from  the  sacro-sciatic  fascia  and  from  the 
ischial  tuberosity ; the  fasciculi  from  both  origins  unite  to  form  a 
broad  muscle  (the  ‘ vastus  longus’  of  Ilippotomy),  which  is  in- 
serted by  a strong  aponeurosis  into  the  head  of  the  tibia  and  fascia 
of  the  leg.  The  ‘iliacus  internus  ’ is  shown  at  17,  fig,  19  : 2.3,  2*, 
and  30,  ib.,  are  muscles  of  the  tail.  The  ‘ vastus  externus,’ 
fig.  19,  20,  covers  the  whole  of  the  outer  part  of  the  thigh-bone, 
from  the  great  trochanter ; it  is  inserted  into  the  patella  and  head 
of  the  tibia  ; a small  part  of  the  ‘ rectus  femoris  ’ appears  in  front 
of  its  upper  part.  The  ‘ gi-acilis  ’ is  a large  broad  muscle,  arising 
from  the  pubic  symphysis,  and  insertetl  into  a long  tract  of  the 
tibia.  The  ‘ adductor  magnus’  is  seen  at  27,  the  ‘ semitendiuosus  ’ 
at  28,  and  the  ‘ semimembranosus,'  or  ‘ adductor  tibi®  longus,’  at 
29,  fig.  19.  The  last  two  muscles  are  blended  in  the  Hog.  The 
‘ tibialis  anticus  ’ arises  from  the  inner  side  of  the  fore  part  of  the 
head  of  the  tibia  by  a strong  tendon  ; the  muscular  part  swells  into 
the  chief  of  those  on  the  fore  part  of  the  leg  ; the  tendon  of  inser- 
tion splits  to  pjive  passage  to  that  of  the  ‘ peroneus  longus,’  and  is 
inserted  into  the  outer  side  of  the  head  of  the  metatarsal.  There 
is  an  extensor  of  the  middle  phalanx  of  each  functional  toe ; the 
tendon  of  the  long  ‘extensor  digitorum’  bifurcates  at  the  end 
of  the  metatarsus  for  insertion  into  the  ungual  phalanx  of  the 
same  toes. 

The  chief  peculiarity  of  the  flexors  of  the  digits  of  the  hind-foot 
in  hoofed  quadrupctls  is  the  accession  of  muscles  not  so  applied  in 
most  other  mammals.  Thus  the  ‘ g-astrocnemius,’  besides  its  inser- 
tion into  the  heel-bone,  sends  a strong  tendon  along  the  back  of 
the  metatarsal,  to  the  phalanges,  where  it  expands  and  bifurcates, 
each  division  again  sj)litting  for  the  passage  of  that  of  the  ‘ flexor 
perforans,’  before  being  inserted  into  the  middle  phalanges.  In  like 
manner  the  homologuc  of  the  ‘ tibialis  j>osticus  ’ combines  its  ten- 
don with  that  of  the  ‘ flexor  perforans  ;’  such  common  tendon 
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expanding  behind  the  metatarsal,  and  splitting  to  perforate  the 
tendon  of  the  preceding  flexor  in  its  way  to  tlie  last  phalanx. 

Of  the  abdominal  muscles,  the  ‘ obliquus  extemus  ’ is  shown  in 
fig.  18,  14;  its  broad  tendon  is  perforated  by  the  mammary  artery 
and  vein,  at  19.  The  ‘ obliquus  intemus  ’ is  seen  at  16,  fig.  19. 

I found  the  following  conditions  of  the  hyoid  muscles  in  the 
Giraffe;' — The  ‘ mylo-hyoideus,’  thick  and  strong,  arose  from  the 
internal  surface  of  the  lower  jaw,  and  was  inserted  into  the 
raphe  dividing  it  from  its  fellow  of  the  opposite  side.  It  ad- 
hered firmly  to  the  ‘ genio-hyoideus this  arose  by  a well  marked 
tendon  from  the  symphysis  menti,  and  had  the  usual  insertion. 
The  ‘ genio-glossus  ’ arose  by  a tendon  close  to  the  inner  side 
of  the  tendon  of  the  ‘genio-hyoideus;’  its  fleshy  belly  had  a 
considerable  antero-posterior  extent,  and  diminished  to  a very 
thin  edge  at  its  anterior  margin.  The  ‘ digastricus  ’ had  the 
usual  origin,  and  was  inserted,  broad  and  thick,  into  the  under 
side  of  the  lower  jaw.  The  ‘ stylo-hyoid  ’ was  remarkable  for  the 
slenderness  and  length  of  its  carneous  part.  The  most  interesting 
modifications  in  the  muscles  of  the  os  hyoides  were  found  in 
those  which  retract  that  bone.  The  muscle  which,  as  in  some 
other  ruminants,  combines  the  offices  of  the  ‘ stemo-tliyroideus  ’ 
and  ‘ stemo-hyoideus,’  arose  by  a single  long  and  slender  carneous 
portion  from  the  anterior  extremity  of  the  sternum  ; this  origin 
was  nine  inches  long,  and  terminated  in  a round  tendon,  six  inches 
long;  the  tendon  then  divided  into  two,  and  each  division  soon 
became  fleshy,  and  so  continued  for  about  sixteen  inches ; then 
each  division  again  became  tendinous  for  the  extent  of  two  inches, 
and  ultimately  carneous  again,  when  it  was  inserted  into  the  side 
of  the  thyroid  cartilage,  and  thence  continued  in  the  form  of  a 
fascia  to  the  hyoid.  This  alternation  of  contractile  with  non- 
contractile  tissue  gave  a striking  example  of  the  use  of  tendon  in 
limiting  the  length  of  the  contractile  part  of  a muscle  to  the 
extent  of  motion  required  to  be  produced  in  the  part  to  which  the 
muscle  is  attached.  Had  the  stemo-thyroideus  been  continued 
fleshy  as  usual  from  its  origin  through  the  whole  length  of  the 
neck  to  its  insertion,  a great  proportion  of  the  muscular  fibres 
would  have  been  useless ; for  as  these  have  the  power  of  shorten- 
ing themselves  by  their  contractility  one-third  of  their  own 
length,  if  they  had  been  continued  from  end  to  end  in  the  sterno- 
thyroidei,  they  would  have  been  able  to  draw  the  larynx  and 
hyoid  one-third  of  the  way  down  the  neck ; such  displacement, 
however,  is  neither  required  nor  indeed  compatible  with  the 

‘ xevir.  p.  232. 
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mechanical  connections  of  the  parts;  hut,  by  the  intervention  of 
long  and  slender  tendons,  the  quantity  of  the  contractile  fibre  is 
duly  apjiortioned  to  the  extent  of  motion  requiretl  for  the  larynx 
and  os  hyoides.  The  ‘ omo-hyoideus  ’ was  adjusted  to  its  office  by 
a more  simple  modification  ; instead  of  having  a remote  origin  from 
tlie  shoulder-blade,  its  fixe<l  jMiint  of  attachment  was  brought  for- 
ward to  the  nearest  bone  (the  third  cervical  vertebra)  from  which 
it  could  act  upon  the  hyoid  to  the  due  extent. 

Ill  all  Ilerbirora  the  muscles  more  directly  worked  in  masti- 
cation, e.  g.  the  ‘ masseter  ’ and  ‘ ptcrygoidei,’  arc  projiortionally 
more  developed  than  the  biting  muscles,  e.g.  ‘ temporales  but 
there  arc  degrees  of  diftcrence  ; in  those  Ungulates  in  which  the 
canines  are  most  developed,  as  e.g.  the  Hog  and  Camel  tribes, 
the  temporal  muscles  arc  larger.  In  all  Ungulates  the  chief 
depressor  of  the  jaw,  or  opener  of  the  mouth,  passing  from  the 
paroecipital  to  the  mandibular  angle,  has  a single  fleshy  belly  ; 
it  is,  however,  the  homologue  of  the  ‘ digastricus  ’ in  Man. 

One  of  the  muscles  proceeding  from  the  neural  arches  of  the 
dorsal  vertebne  to  tlie  occiput  is  tendinous,  along  a portion  of  its 
mid-i‘ourse,  in  most  unguiculate  Mammals  : it  is  called  ‘ biventer 
ccrvicis  ’ in  Anthropotomy.  Contiguous  muscular  fasciculi  ex- 
tending from  the  neural  spines  of  the  anterior  dorsals  to  those 
of  more  or  less  of  the  cervical  series,  are  termed  ‘ spinalis  ccrvicis.’ 
The  j)air  of  fibrous  masses  with  like  attachments,  but  in  which  the 
striated  fibre  is  almost  wholly  reduced  to  the  yellow  elastic  tissue 
in  Ungulates,  is  commonly  known  as  the  ‘ ligamentum  nucha?.’ 

In  the  Giraffe  this  mechanical  stay  and  6iii)j>ort  of  the  long 
neck  and  head  commences  from  the  sacral  vertehne,  and  receives 
fresh  accessions  from  each  lumbar  and  dorsal  vertebra,  as  it 
advances  forward ; the  spines  of  the  anterior  dorsal  vertebra; 
become  greatly  elongated  to  aflbrd  additional  stirface  for  the 
attachment  of  new  jiortions  of  the  ligament,  which  appears  to  be 
inserted,  on  a superficial  dissection,  in  one  continuous  sheet  into 
the  longitudinally  extended  but  not  elevated  spines  of  the  cer- 
vical vertebra*,  as  far  as  the  axis ; the  atlas,  as  usual,  is  left  free 
for  the  rotatory  movements  of  the  head ; the  ligament  passes 
over  that  vertebra  to  terminate  by  an  expanded  inseriion  into 
the  wcipital  crest.  It  consists  throughout  of  two  bilateral 
moieties.  In  the  sjiecimen  I dissected,  the  nuchal  ligament, 
in  situ,  measured  9 feet  in  length : an  extent  of  6 feet  was  re- 
moved, which  immediately  contracted  to  4 feet. 

In  the  Camel  the  ligamentum  nucha;  arises,  broad  and  thin,  from 
the  anterior  dorsid  spines,  but  gathers  substance  as  it  advances  and 
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becomes  condensed  into  a j«ir  of  cords  which  receive  accessions 
from  the  cervical  spines,  by  which  the  ligaments  seem  bound  down 
so  as  to  follow  the  curve  of  the  neck ; the  insertions  are  into  the 
supcroccipital.  Posteriorly  a continuation  of  the  ligament  may  be 
traced  s]>reading  out  and  losing  itself  in  the  base  of  the  single 
hump  of  the  Dromedary,  and  as  far  back  as  that  of  the  hind  hump 
in  the  CameL‘ 

The  relative  size  and  insertions  (a  cervical,  b nuchal)  of  the 
ligamentum  nuch%  of  the  Elephant  are  shown  iu  fig.  22.  Much 
of  the  same  kind  of  yellow  clastic  tissue  is  combined  with  the 
ajwneuroses  of  the  abdominal  muscles  in  the  Elephant,  Rhino- 
ceros,* and  Giraffe,  in  reference  to  the  capacity  and  heavy  con- 
tents of  parts  of  the  alimentary  canal. 


Lltnmentam  anch*^  E)or>haat. 


§ 199.  Miuclet  of  Caruirora. — Tlic  c<>mmenccment  of  certain 
facial  muscles  that  reach  their  full  devolopemcnt  in  Man  may 
l>e  disceme<l  in  the  Unguiculates.  Small  detached  sheets  of 
muscular  fibre,  ‘ cervico-facial  ’or  ‘ platysma  inyoTdes,’ arc  attached 
to  the  skin  at  the  side  of  the  neck,  spread  ujKm  the  lateral  inte- 
guments of  the  face,  and,  in  the  Cat,  show  a sf>ecial  arrangement 
or  developcment  by  affording  a muscular  capsule  to  the  bulb  of 
each  long  hair  of  the  whiskers,  upon  the  chin,  lips,  cheeks,  and 
eyebrows,  to  which  they  give  the  impressive  movements  of  those 
sen.«itive  parts.  Both  the  ‘ occipital  ’ and  ‘ frontal  ’ parts  of  the 
human  ‘ occipito-frontalis  ’ are  also  present  in  the  Cat 

The  muscles  of  the  j-aws  in  Carnirora  are  chiefly  remarkable 
for  the  large  profiortional  size  of  the  ‘ temjioralis,’  with  which 
the  ‘ masseter,’  by  the  more  vertical  disj)osition  of  its  fibres  than 
in  IFrrhirora,  combines  in  the  act  of  forcibly  closing  the  mouth. 
The  ‘ pterygoidei  ’ are  small  and  not  very  distinct  fnim  each 

‘ VI.  ’ V • . p 36. 
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other.  The  ‘ digastric  ’ is  a powerful  muscle  and  seemingly  ‘ mo- 
nogastric,’  but  many  tendinous  filaments  in  the  middle  of  the 
carneous  substance  indicate  tlic  di\  ision  which  is  established  in 
higher  Gyrencephala.  In  the  Lion  it  arises  by  a strong  tendon 
from  the  paroccipital ; and  its  action  may  be  seen  in  the  effort 
the  animal  makes  to  disengage  the  mandible  from  ligamentous 
]iarts  of  its  food.  In  the  F dines  the  latissimus  dorsi  has  its  chief 
insertion  into  the  tendinous  arch,  bridging  over  the  biceps,  and, 
witli  the  ‘ dermo-huraeralis  ’ similarly  inserted,  it  acts  upon  the 
inner  side  of  tlie  upper  part  of  the  humerus,  but  sends  a strong 
aponeurosis  between  the  external  and  scapular  ‘ heads  ’ or  por- 
tions of  the  triceps  to  be  continued  upon  the  antibrachial  fascia  : 
in  the  Log,  a distinct  fasciculus  of  the  muscle  combines  its  tendon 
with  that  of  the  ‘ scapular  ’ portion  of  the  triceps.  In  the  Seal- 
tribe  the  retractile  action  of  the  latissimus  dorsi  is  extended,  by 
tlic  aponeurotic  insertion,  to  the  palmar  aspect  of  the  pectoral  fin. 
The  hoinologue  of  the  ‘ serratus  posticus  superior  ’ is  largely 
developed  in  the  Lion,  extending  its  anterior  attachments  to  tlic 
nape.  The  ‘protractor  scapulas’  arises  in  Felines  from  the 
diapophyses  of  the  atlas,  axis,  and  third  ccrrical,  and  is  inserted 
into  the  spine  of  the  scapula  near  the  acromion.  The  origins  of 
the  ‘ great  pectoral  muscles  ’ intcrblcnd  and  cross  each  otlier 
in  Felines,  so  as  to  seem  to  form  a common  adductor  muscle  of 
the  fore-limbs ; but  the  mass  of  the  fibres  resolves  itself  into  four 
almost  distinct  muscles,  answering  to  the  ‘ large  pectoral  ’ and 
grand  pectoral  of  Hippotomists,  and  including  the  ‘ stemo- 
trachiteriei?  ’ and  ‘ pectoantdbrachial  ’ of  Straus-Durcklicira. 
I'hc  ‘ pcctoralis  minor  ’ in  the  Dog  is  inserted  into  the  ujijwr 
part  of  tlic  glenoid  cavity  of  the  scapula.  In  unguiculate,  and 
es|>ecially  claviculate,  Gyrencephala,  the  deltoid  conforms  by  the 
greater  extent  of  origin  and  size  to  the  more  varied  movements 
of  the  humerus,  as  compared  with  the  ungulate  order.  In  the 
(,'at  the  deltoid  consists  of  an  anterior  jiortion  arising  from  the 
acromion,  and  a posterior  one  from  the  sjiinc,  of  the  scapula:  in 
the  Bear  only  the  acromial  portion  is  developed.  In  nonela- 
viculate  Carnivora  the  ‘ masto-hiimeralis  ’ is  present:  in  cla- 
vieulate  species  the  ‘ clcido-cuciillaris  ’ and  ‘ eleido-mastoidcus  ’ 
arc  its  divisions : the  former,  in  Felines,  rises  from  the  jiaroceipital 
crest,  and  from  the  neural  sjiincs  of  the  anterior  cervicals,  passes 
back  and  down  to  the  transverse  ligamentous  tract  in  which  the 
clavicular  ossicle  is  developed;  the  ‘ elcido-mastoid  ’ is  inserted 
iiitti  two  outer  thirds  of  the  clavicular  bone,  whence  is  continued 
a fleshy  belly  descending  along  the  fore-part  of  the  brachium,  in 
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front  of  the  biceps,  to  be  inserted  into  the  tuberosity  of  the 
radius:  it  answers  to  8,  fig.  18,  in  Ungulates.  The  biceps,  in 
Felines,  derives  its  single  bead  from  the  ujiper  rim  of  the  glenoid 
cavity,  and  i.s  inserted  into  the  bicijiital  tuberosity  of  the  radius. 
The  ‘ bracbialis  intemus  ’ is  a long  muscle  on  the  outer  side  of 
the  humerus,  and  is  inserted  into  the  lower  wall  of  the  sigmoid 
cavity  of  the  ulna.  The  ‘ triceps  extensor  ’ is  represented  by 
three  or  more  muscles,  distinct  in  their  fleshy  part,  and  remark- 
able for  their  volume  in  Felines:  their  common  tendon  incloses 
the  olecranon  like  a strong  capsule.  Besides  the  foregoing  there 
are  three  sht)rtcr  extensors,  one  of  which  is  represented  by  the 
human  ‘ anconeus ; ’ but  all  belong  to  the  same  system  as  the 
tricipital  extensor.  The  ‘ pronator  teres  ’ is  jjroportionally  large : 
in  the  Lion  it.s  eameous  part  extends  far  down  the  fore-arm : in 
the  Cat  it  ends  in  the  tendon  inserted  alxmt  half  way  down  the 
radius.  The  ‘ [)almaris  longus  ’ is  also  more  developed  than  in 
man.  The  ‘ sujnnator  longus,’  on  the  other  hand,  has  a short 
and  slender  fleshy  jwrtion  ; and  this  relates  to  the  habitual  prone 
|)osition  of  the  paw  in  Carnivora.  The  flexors  and  extensors  of 
the  carpus  and  manus  closely  accord  with  those  of  Man,  but  with 
excess  of  fleshy  fibres  in  the  larger  Felines ; .and  a minor  degree  of 
distinction  of  some  muscles,  ns,  e.g.,  the  ‘ flexores  digitorum,’  and 
‘ extensores  pollicis.’  The  ‘ extensor  longus  pollicis  ’ has  its  origin 
from  the  outer  wall  of  the  sigmoid  cavity  of  the  idna  and  the 
upper  third  of  that  bone:  its  long  and  slender  tendon  is  inserted 
into  the  first  phalanx  of  the  jiollex,  but  usually,  also,  into  that  of 
the  index.  By  this  insertion,  as  well  as  by  its  high  origin,  it  is 
loss  differentiated  from  the  ‘ common  extensor  digitonim  ’ than  in 
Man.  There  is  no  ‘ extensor  brevas  pollicis.’  The  ‘ indicator  ’ 
is  represented,  in  Felines,  by  a short  and  slender  muscle  from  the 
lower  half  of  the  outer  side  of  the  ulna:  its  tendon  glides  through 
the  same  carpal  synovial  sheath  as  that  of  the  extensor  longus 
|K)llicis:  it  has  not  a separate  insertion  into  the  index,  but  blends 
with  the  tendinous  division  of  the  common  extensor  going  to  that 
digit.  The  differentiation  establishing  the  muscle  as  a true  or 
independent  ‘ indicator  ’ has  not  yet  come  about. 

The  ‘ flexor  sublimis  ’ is  a powerful  muscle  and  the  principal 
bender  of  the  paw  in  ordinary  locomotion  ; its  origin  is  restricted 
to  the  humerus  ; its  insertions  are  extended  into  all  the  five  digits 
by  the  fascia;  attached  to  the  sides  of  the  metacarpo-phalangial 
joints,  as  well  as  the  ordinary  perforated  tendons  into  the  sides  of 
the  first  and  second  phalanges.  The  ‘ flexor  profundus  ’ arises  by 
five  heads  from  the  antibrachium,  which  form  a common  flattened 
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tendon,  along  the  caq)H8 ; this  first  detaches  a tendon  to  the 
ungual  phalanx  of  the  jxdlex,  and,  at  the  metacarpus,  divides  into 
the  four  tendons  similarly  inserted  into  the  four  long  digits.  In 
each  the  insertion,  fig.  36,  h,  is  into  the  lever-like  process  from 
the  palmar  part  of  the  bone  of  the  last  phalanx.  It  is  this  muscle 
which  overcomes  the  retractile  force  of  the  elastic  ligaments,  ih. 
n,  of  the  claws,  and  concentrates  the  power  of  all  five  upon  the 
part  seized.  There  is  no  separate  ‘ flexor  longus  pollicis.’ 

In  the  hind  limb  of  Felines,  the  psoas  and  iliacus  are 
more  obviously  parts  of  the  same  muscle  than  in  Man  : a fasciculus 
of  the  ‘ psoas  ’ sends  a tendon  to  the  pubis ; but  the  main  Iwdy 
of  the  muscle  acts  ujx>n  the  inner  trochanter.  In  the  Cat  a 
detachment  of  the  small  ectogluteus  descends  to  be  inserted  into 
the  patella.  The  much  longer  incsogluteus  has  five  origins  from 
lumbar,  sacral  and  caudal  vertebne,  and  from  the  crista  ilii : its 
tendon  goes  to  the  great  trochanter.  The  ‘ gracilis  ’ is  relatively 
large.  The  muscle  at  the  foremost  part  of  the  thigh,  in  Felines, 
answers  to  the  ‘sai'torius’  and  ‘rectus  femoris;’  there  is  also  a 
‘ tensor  fascia;,’  which  sends  an  aponeurosis  over  the  fi>re  part  of 
the  knee-joint  and  a tendon  to  the  inner  part  of  the  hca<l  of  the 
tibia.  The  ‘ biceps  flexor  cruris  ’ receives  a slender  accessory 
fascicule  from  an  anterior  caudal  vertebra ; besides  its  normal  in- 
sertion it  is  continued  by  fascia  into  the  ‘ tendo  achillis.’  In  the 
Lion,  a s[>ccial  muscle,  ‘ caudo-femoralis,’  from  the  same  vertebne 
is  inserted  by  its  own  long  tendon  into  the  outer  condyle  of  the 
femur.  The  Hear  has  not  the  latter  muscle.  The  largest  part 
of  the  ‘ gastrocncmii  ’ muscles  is  at  or  near  to  their  femoral  origins  : 
the  tendons  of  each  are  at  first  distinct,  and  finally  blend  by  ex- 
pansions which  spread  over  the  calcancum.  The  solcus  is  small, 
and  rises  from  the  fibula:  its  tendon  unites  with  that  of  the 
gastrocnemius  extemiis.  The  tendon  of  the  ‘ plantaris  ’ combines 
with  that  of  the  ‘ short  flexor  ’ of  the  toes  to  augment  the  power 
of  bending  their  phalanges  : its  fleshy  part  is  relatively  much 
greater  than  in  Man. 

§ 200.  Muscles  of  Quadrumana. — In  this  scries,  up  to  the  apes, 
the  panniculus  caniosus  exists ; but  is  reduced  to  a thin  sheet  of 
carneous  fibres  from  the  dorso-lumbar  fascia,  spreading  over  the 
latissimus  dorsi,  and  again  degenerating  to  fascia  attached  to  the 
inner  side  of  the  humerus.  The  ‘ platysma  myoTdes  ’ begins  to  be 
defined,  in  the  Aye-aye,  as  a pair  of  broad  thin  layers,  .arising  from 
pectoral  and  clavicular  fascia,  and  ascending  over  the  front  and 
sidesof  the  neck,  mandibular  rami,  and  cheeks.  In  the  Orangs 
and  Chimpanzees  it  siij)])orts  the  large  corvico-pecforal  air-sac 
communicating  with  the  larynx. 
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From  the  Ayc-aye  to  the  Gorilla,'  with  a few  exceptions,- there 
is  a ‘ cleido-mastoideus  ’ as  well  as  a ‘ stemo-cleido-mastoideus  ; ’ 
but  in  some  Baboons  (Macacus)  the  distinct  fasciculus  from  the 
clavicle  has  not  been  found.  In  an  Orang  I found  the  cleidal 
part  inserted  into  the  diapophysis  of  the  axis  vertebra. 

The  term  ‘ digastricus  ’ is  applicable  to  that  mandibular  muscle 
in  all  Quadrumana,  although  the  partition  by  tendon  of  the  ante- 
rior from  the  posterior  belly  is  not  complete  in  many.  In  most, 
as  in  the  Aye-aye,  the  anterior  jjortions  of  the  {)air  occupy  the 
anterior  interspace  of  the  mandibular  rami.  The  middle  tendi- 
nous part  is  attached  to  the  hyoid,  except  where  it  is  feebly 
marked,  as  in  Stenops.  The  intermediate  tendon  of  the  omohyoid 
is  not  found  save  in  the  higher  tail-less  Apes. 

In  all  (Quadrumana  the  jiower  of  the  arms  in  drawing  up  the 
trunk  is  increased  by  the  accessory  muscle  from  the  ordinary  ten- 
don of  the  ‘ ladssimus  dorsi,’  which  extends  its  action  from  the 
upper  to  the  lower  end  of  the  humerus  (interior  condyle),  and  to 
the  olecranon.  The  ‘ rhomboidci  ’ extend  to  the  occiput  in  Maca- 
ques, Baboons,  and  the  Orang.  The  ‘jirotractor  scapulas’  (‘  acro- 
mio-trachelien,’ Cuv.)  exists  in  most  (Quadrumana  below  the  Apes; 
in  these  the  ‘ levator  anguli  scapulae  ’ is  distinct  from  the  ‘ serratus 
magnus ; but  is  the  fore  part  of  that  muscle  in  Baboons.’  In  the 
Gibbons  (^Ilylobates)  the  two  portions  of  the  ‘biceps  flexor  cubiti’ 
arc  more  powerful  and  unite  lower  down  the  lumcrus  than  in  other 
(Quadrumana,  and  the  inner  portion  derives  an  origin  from  near 
the  pectoral  ridge  of  the  humerus : their  common  tendon  is  inserted 
beneath  the  radial  tubercle,  and  into  the  antibrachial  fascia.  In 
Stmopg  the  biceps  has  only  its  ‘long  head’  or  origin : that  from  the 
coracoid  process  is,  at  least,  not  di.stinct  from  the  coraco-brachialis. 
The  ‘ triceps  extensor  cubiti  ’ is  complicated  in  Quadrumana 
bv  the  accessory  fasciculus  in  connection  with  the  tendon  of  the 
latis.simus  dorsi.  The  lower  portion  of  the  ‘ internal  head  ’ of  the 
ti-iceps  has  also  a distinct  origin  or  fasciculus  from  the  ento- 
condyloid  ridge  in  Chiromys  and  Tursius ; in  Stenops  it  arises 
more  from  the  back  part  of  the  humerus. 

The  deep  and  superficial  flexors  of  the  fingers  are  distinct,  but 
a remnant  of  that  blending  which  exists  in  most  lower  mammals 
may  be  seen  in  the  short  connecting  tendon  which  in  the  Aye-aye’ 
passes  from  the  ulnar  belly  of  the  ‘ flexor  sublimis  ’ to  the  division 
of  the  ‘ flexor  profundus,’  giving  off  the  tendon  to  the  middle  finger. 
The  fleshy  part  of  both  flexors,  but  especially  of  the  deeper  one, 
is  continued  nearer  to  the  hand,  in  Lemtiridce  and  most  other 
’ cic.  p.  30,  pi.  xi.  fig.  I,  22  (/.  ’ cir.  p.  34.  pi.  xi.  fig.  4,  e. 
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Quadrnmann,  than  in  Man,  thus  enabling  the  muscles  to  continue 
their  action  as  finger-benders  when  the  hand  itself  is  flexed. 
The  fasciculus  of  the  ‘ flexor  profundus  ’ which  sends  the  tendon 
to  the  last  ]>halanx  of  the  thumb,  is  more  distinctly  a ‘ flexor 
longus  pollieis  ’ in  Apes  than  in  lower  Quadrumana.  In  the 
Aye-aye  it  adheres  to  the  supplementary  carpal  and  fascia  on  its 
way  to  the  thumb,  and  thus  opposes  both  the  last  phalanx  and  the 
‘ ])ad  ’ at  the  base  of  the  thumb  in  the  act  of  grasping.  The 
‘ flexor  brevis,’  the  ‘ abductor,’  the  ‘ adductor,’  and  ‘ opponens 
|Millicis  ’ arc  present  in  the  Chimpanzee  and  Gorilla,  as  are  like- 
wise the  ‘ extensor  lortgus  ’ and  ‘ extensor  brevis.’  In  the  Orang 
these  muscles  begin  to  be  confounded ; in  most  lower  Quadrn- 
mniia  they  are  blended  together.  The  homologue  of  the  ‘extensor 
indicis’  of  Man  bifurcates  and  sends  a tendon  to  both  the  index  and 
medius  digits;  the  homologue  of  the  extensor  minimi  digiti  likewise 
splits  and  sends  a tendon  also  to  the  annularis  ; so  that,  wliile  in 
Man  the  index  and  minimus  only  have  two  extensor  tendons,  all 
four  fingers  {ii — v)  have  them  in  most  Quadrumana.  The  hand  is 
thereby  the  stronger  as  a suspensor  of  the  body  from  a bough. 

The  ‘ ectogluteus  ’ is  feebly  developed  compared  with  that  in 
Man  : the  Gorilla,  though  receding  far  in  this  rcsjwct,  recedes  the 
least.  The  homologue  of  the  ‘ gracilis  ’ is  relatively  larger  in 
all  Quadrumana  than  in  Man,  and  its  insertion  is  cxtendc<l 
lower  down  the  leg.  In  Stenops  the  vastus  externus  contributes 
a fasciculus  to  the  rectus  femoris ; in  Chiromt/s  it  is  as  distinct  iis 
in  higher  Quadrumana.  But  here  the  mesoglutcus  exceeds  the 
ectogluteus  in  size,  although  the  latter  is  supplemented  in  the 
Gorilla  by  fleshy  fascicidi  from  the  ischial  tuberosity,  which  spre.ad 
their  insertions  from  that  of  the  ectoglutajus  down  the  femur  to 
the  internal  condyle,  a])i>arcutly  representing  the  adductor  magnus. 
Ill  both  Orang  and  Chinijianzce  a muscle  from  the  outer  border 
of  the  ilium  to  near  the  acetabulum  is  inserted  into  the  under  and 
outer  part  of  the  great  trochanter  and  rotates  the  thigh  inwards.' 
The  gastrocncmii  have  a greater  length  and  minor  brcatlth  and 
thickness  of  the  fleshy  part:  the  solcus  rises  from  the  fibula  exclu- 
sively, and  joins  the  gastrocncmii  low  down. 

§ 201.  Musckx  of  Bimana.  — The  myologies  of  Anthrojiotomy 
rctlucc  the  neetl  of  noticing  human  muscles  here  to  some  com- 
parison wdth  those  of  highest  Apes,  bringing  out  the  ordinal 
charactoristios  of  the  limbs,  and  to  the  illustration  of  those  giving 
expression  to  the  face  and  reflecting  the  action  of  the  organ  that 
marks  Man’s  place  in  Creation  as  the  type  of  a distinct  sub-class. 

' ‘ Scantorius,*  Trail,  xxxv  . * Invertor  femoris,*  xxxiv.  p.  68. 
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Figures  23  and  24  give  a view  of  the  superficial  muscles  and 
tendons  of  the  fore-arm  and  hand  of  a full-grown  male  Gorilla  and 
Man  of  correct  relative  size.  The  portion 
of  the  triceps  is  seen  in  the  Gorilla  at  a" ; 
in  Man  at  in  whom  the  origins  of  the 
cameous  fibres  of  that  part  from  behind  the 
inter-muscular  septum  arc  continued  lower 
down  the  humerus.  The  ‘ brachialis  anticus  ’ 
is  seen  at  4,  fig.  23,  and  17,  fig.  24.  This 
muscle  is  not  so  completely  differentiated 
from  the  deltoid  and  supinator  longus  in  4— j 

the  Gorilla  as  in  Man,  nor  so  individualised 
as  a single  muscle : its  two  portions  being 
more  distinct.  The  biceps,  fig.  23,  s, 
maintains  in  Man  more  of  its  full  fleshy 
character  to  the  sending  off  of  the  tendon, 
s',  to  the  rough  posterior  margin  of  the 
tuberosity  of  the  radius,  gliding  over  the 
anterior  smooth  surface  of  that  process  with  j j|j!j 

an  intervening  ‘ bursa.’  The  aponeurosis, 

3",  sent  off  to  the  fascia  of  the  fore-arm 
crosses  the  ‘pronator  teres.’  This  muscle, 

8,  fig.  24,  is  attached  to  the  outer  side  of 
the  radius  below  the  middle  of  the  bone  in 
the  Gorilla,  but  rather  al>ove  it  in  Man. 

The  double  origin,  viz.  from  the  inner 
humeral  condyle  and  the  coronoid  process  of 
the  ulna,  is  better  defined  in  Man,  fig.  23, «. 

The  ‘ palmaris  longus,’  fig.  23,  8,  arising  >< 

as  a distinct  muscle  in  Man  from  the  inner 
humeral  condyle,  is  a fasciculus,  s,  of  the 
‘flexor  carpi  ulnaris’  (s,  fig.  24)  in  the 
Gorilla ; but,  as  this  muscle  is  subject  to 
variation,  and  sometimes  absent  in  Alan,  it 
may  show  analogous  inconstancy  in  the  Go- 
rilla. The  flexor  carpi  ulnaris  is  inserted  into 
the  pisiforme  in  both  Man  and  Ape,  but  the  of  and  hand, 

fleshy  and  tendinous  parts  are  better  defined, 
and  the  latter  relatively  longer  and  more  slender  in  Man,  fig.  23,  9. 
The  flexor  carpi  radialis  arises  in  Man,  fig.  23,  7,  from  the  inner 
condyle,  from  the  antibrachial  fascia  and  septa  continued  there- 
from between  the  pronator  teres,  6,  and  palmaris  longus,  8 ; but 
in  the  Gorilla,  fig.  24,  4,  it  derives  a considerable  accession  of 
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fibres  directly  from  the  radius,  and  its  tendon  is  shorter  and  much 
2^  thicker  than  in  Man. 

In  both  it  passes 
through  a pulley  pro- 
vide<l  by  the  trapezium 
to  its  insertion  into  the 
base  of  the  metacarpal 
of  the  index.  The 
tendon  of  the  supina- 
tor longus  in  the  Go- 
rilla,  fig.  24, 4',  is  also 
shorter  and  thicker, 
and  is  not  crossed,  as 
in  Man,  by  the  exten- 
sors of  the  metacarpal 
and  first  phalanx  of 
the  |M)llex  (fig.  23,  11 
and  12)  before  its  in- 
sertion into  the  styloid 
process  of  the  radius. 
Part  of  the  cameous 
mass  of  the  flexor  sub- 
limis  digitorum  is  seen 
at  13,  fig.  23,  and  s', 
fig.  24.  External  to 
this  a greater  pro- 
portion of  the  flexor 
jirofundus  appears  in 
the  Gorilla,  fig.  24,  6, 
than  in  Man,  fig.  23, 
15.  The  flexor  longus 
]H>llicis,  fig.  23,  M,  ex- 
pends its  force  in  the 
Gorilla,  fig.  24,  2n, 
ujKUi  both  the  |k>11cx 
and  index,  furnishing 
tendons  to  the  distal 
phalanx  of  each,  but 
the  largest  and  most 
direct  being  that  to  the 
index.  There  are  mo-' 
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im|>ortancc  in  the  origin  of  this  muscle  which  tend  to  give  it  a 
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character  of  being  part  of  the  system  of  the  ‘ flexor  profundus’ 
in  the  Gorilla. 

The  relations  of  the  tendons  of  the  superficial  and  deep 
flexors  to  each  other  and  to  the  digits  arc  much  alike  in 
Man  and  Ape,  but  the  tendons  are  relatively  broader,  and 
their  restraining  and  strengthening  sheaths  and  hands  stronger 
in  the  Gorilla ; those  formed  by  the  oblique  decussating  liga- 
mentous fasciculi,  as  in  the  mid-finger  of  fig.  23,  arc  more 
distinctly  shown  in  Man  than  in  the  Ape.  The  muscles  acting 
on  the  metacarpal  and  first  phalanx  of  the  pollex — fig.  24,  22, 
‘ abductor,’  ib.  2-1,  flexor  brevis,  ib.  23,  adductor  — are  longer 
and  more  slender  in  the  Gorilla.  The  abductor  in  Man  is  shown 
at  fig.  23, 17.  In  the  Gorilla  the  ‘ abductor  minimi  digit!  ’ is  shown 
at  fig.  24,  10;  the  ‘flexor  brevis’  at  11;  the  tendon  of  the  flexor 
]>rofundus  at  13;  that  of  the  ‘flexor  sublimis’at  e'.  Two  of 
the  ‘ luinbricalcs  ’ are  shown  at  u and  28,  and  one  of  the 
interossei  at  27,  fig.  24.  The  carneous  part  of  the  common 
extensor  of  the  fingers  Ls  continued  to  the  wrist  in  the  Gorilla ; 
three  strong  tendons  go  to  the  second,  third,  and  fourth  digits,  and 
a fourth,  less  strong,  to  the  fifth  digit.  This  digit  also  receives 
the  tendon  of  an  extensor  minimi  digiti,  and  the  index  a small  ten- 
don of  an  ‘ indicator  ’ which  is  more  completely  blended  with  that 
of  the  ordinary  extensor,  besides  being  more  feeble,  than  in  Man. 
The  extensors  of  the  metacarpal,  first  and  last  j)halanges  of  the 
jwllex,  arc  jjresent  in  the  Gorilla,  but  of  smaller  size  than  in 
Man. 

In  the  Gorilla  the  portion  of  the  biceps  cruris  derived  from  the 
ischiadic  tuberosity,  and  inserted,  fig.  25,  4,  into  the  outer  part 
of  the  head  of  the  tibia,  is  more  distinct  than  in  Man  from  that, 
ib.  5,  derived  from  the  femoral  linea  aspera  and  inserted  into  the 
head  of  the  fibula,  and  which  expands,  5',  upon  the  cnemial  fascia. 
The  external  gastrocnemius,  fig.  25,  7,  continues  longer  distinct 
from  the  internal,  and  both  present  longer  but  narrower  and 
thinner  carneous  portions  than  in  Man.  The  soleus,  ib.  s,  arises 
exclusively  from  the  fibula  and  is  much  narrower  than  in  Man, 
where  it  also  derives  fibres  from  the  oblique  line  of  the  tibia  and 
from  the  middle  third  of  its  internal  border.  The  margins  of  the 
tendon  of  the  soleus  first  unite  with  those  of  the  gastrocnemius, 
the  middle  part  continues  distinct  to  near  the  calcancum.  The 
plantaris  has  not  been  met  with  in  the  Gorilla.  The  jwroncus 
longiis,  fig.  25,  9,  has  a longer  carneous  and  shorter  but  thicker 
tendinous  part  in  the  Gorilla  than  in  Man : the  course  and 
insertion  of  the  tendons  are  the  same.  The  pcroncus  brevis. 
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ib.  19,  very  closely  repeats  the  characters  of  that  muscle  in 
Man.  The  ‘tibialis  anticus,’  fig.  25,  17,  commences  by  a broader 
and  more  fleshy  origin,  but  gradually  decreases  as  it  descends, 
not  swelling  out  into  the  well-marked  ‘belly,’  as  in  Man:  the 

tendon  divides  more  distinctly  and 
deeply  to  be  inserted  into  the  metatarsal 
of  the  hallux  and  the  entocuneiform 
bone.  The  extensor  longus  digitorum, 
with  the  same  relations  at  its  origin 
to  the  tibialis  anticus  and  pcroncus 
longus  as  in  Man,  divides,  after  pass- 
ing under  the  annular  ligament,  into 
three,  instead  of  four  tendons;  the 
innennost  of  which  subdivides  to  sup- 
]>ly  the  second  and  third  toes.  The 
extensor  longus  hallucis  sends  its  ten- 
don to  the  last  phalanx  of  the  hallux, 
as  in  Man.  The  short  extensor  of  the 
toes,  ib.  20,  also  sends  off  a strong  fasci- 
culus, 2o',  the  tendon  of  which  acts 
upon  the  proximal  phalanx  of  the  hal- 
lux. Three  other  fasciculi  send  ten- 
dons to  the  second,  third,  and  fourtli 
toes. 

The  long  flexors  of  the  toes  are  dis- 
tinguished in  the  Gorilla,  as  in  lower 
Qnadruiiiana,  by  their  relative  posi- 
tion at  the  back  of  the  leg.  The  one 
toward  the  inner  or  tibial 
side  sends  its  tendon 
through  a strong  liga- 
mentous synovial  sheath 
behind  the  inner  malleo- 
lus to  the  sole,  where  it 
divides  into  three  chiet 
tendons  which  are  con- 
nected with  those  of  tlie 
‘ flexor  accessorius.’  In 
fig.  26,  the  divisions  of 
the  long  tibial  flexor,  i, 
of  ih.  loK  fool,  floruu.  r . 'ire  cut  and  reflected  ; i o 

goes  to  the  fifth  toe  ; 4 is 
the  perforated  tendon  of  the  fourth  toe,  4',  reinforced  by  cai-neous 
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fibres  from  the  deeper  surface  of  the  main  tendon ; i6  is  the  ten- 
don to  the  last  phalanx  of  the  second  toe. 

26  27 


XoAclet  of  tbo  foot,  GfrriUft.  r . Momt'c*  of  the  foot.  Man. 

The  Ion"  fil>ular  flexor  of  the  toes,  arising  from  tiie  back  part 
of  the  fibula  and  interosseous  ligament,  grooves  by  its  tendon  the 
j>osterior  part  of  the  tibia,  the  astragalus  and  the  calcaneuni,  and 
<livides  at  the  sole,  fig.  26,  2,  into  the  perforating  tendons  of  the 
hallux,  2c,  the  third,  26,  and  the  fourth,  2u,  toes.  The  portion  of 
the  flexor  brevis  which  rises  from  the  calcaneum  divides  into  two 
tendons  which  form  the  perforated  ones  of  the  thinl,  3',  and 
second,  3",  toes.  The  short  muscles  giving  the  grasping  jKjwcr 
to  the  hind  thumb  are,  s,  ‘ abductor  hallucis,’  9,  ‘ flexor  brevis 
hallucis,’  10  ‘ adductor  obliquus  hallucis,’  and  11,  ‘adductor  trans- 
versalis  hallucis.’  The  lumbricales  and  intcrossei  are  powerfully 
developed.  In  the  Orang  the  long  fibular  flexor  sends  no  tendon 
to  the  hallux. 

The  ordinal  modification  of  the  hind-  or  lower-  limbs  for  the 
whfile  work  of  sustaining  and  mo\'ing  the  b<xly,  in  Bimana,  is 
accompanied  by  well  marked  and  considerable  minlificatious  of 
the  toes,  the  chief  of  which  are  illustrated  by  comparison  of 
the  figure,  26,  from  the  highest  ape,  with  fig.  27.  The  long 
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iibular  flexor  now  becomes  the  ‘ flexor  longus  hallucis,’  ami  con- 
centrates its  force  exclusively  on  the  tendon,  2,  2c,  which  goes 
to  the  last  phalanx  of  the  hallux,  i ; this  tendon  is  twice  the  size 
of  any  of  the  divisions  of  that  of  the  long  flexor  on  the  tibial  side. 
This  is  limited  to  the  function  implied  by  the  name  ‘flexor  longus 
digitorum  pedis,’  its  tendon,  fig.  27, 1,  sending  off' successively  the 
perforating  tendons  to  the  second,  third,  fourth,  and  fifth  toes.  In 
fig.  27,  are  shown  the  insertion  of  the  ‘tibialis  jwsticus,’  15;  the 
‘flexor  brevis  minimi  digiti,’  7 ; the  ‘ flexor  brevis  jKillicis,’  inserted 
into  the  outer,  9,  and  inner,  10,  sesamoids,  the  adductor  jK>llicis,  s, 
and  the  peculiar  ‘ transversalis  jiedis,’  10,  arising  from  the  under 
surface  of  the  distal  and  of  the  fifth  metatarsal,  crossing  three  of 
the  other  metatarsals,  to  be  inserted  into  the  outer  side  of  the 
proximal  phalanx  of  the  hallux,  blending  there  with  that  of  the 
‘ adductor  jwllicis.’ 

The  heel  being  the  lever-power  by  which  the  whole  superincum- 
bent weight  of  the  body  is  raised  in  the  peculiar  ‘ walk,’  or  bipedal 
gait,  of  Man,  muscles  that  are  distinct  in  quatlrupcds  are  here, 
contrary  to  ordinary  rule,  blended,  or  have  a common  insertion. 
Not  only  the  outer  and  inner  gastrocnemius,  but  the  soleus,  and 
even  the  plantaris,  might  be  regarded  as  so  many  origins  of  tbe 
same  muscle,  which  combine  and  concentrate  their  forces  upon 
the  calcaneum. 

The  ‘panniculus  carnosus’  of  (juadrupeds  is  reduced  in  Bimana 
to  the  ‘ platysma  inyoides,’  fig.  28,  p,  p,  p,  which  extends  from 
the  upper  and  fore  part  of  the  chest  uj)ward  over  the  front  and 
side  of  tbe  neck  to  the  mandible  and  lower  part  of  the  face,  where 
the  two  muscles  meet  below  the  symphysis.  The  middle  fibres 
arc  attached  to  the  base  of  the  jaw,  and  posteriorly  a.scend  to  the 
fascia  of  the  massetcr ; the  anterior  ones  ascend  with  the  depressor 
anguli  oris  and  qumlratus  menti  to  the  lower  lij)  and  angle  of  the 
mouth.  In  many  instances  there  is  a strip  from  the  parotid  fascia 
which  converges  to  this  angle,  and  constitutes  the  ‘ risorius  San- 
torini.’ The  platysma  draws  down  the  lower  j>art  of  the  face,  or, 
by  a slighter  action,  the  lower  lip:  the  ‘ risorial  ’ slip  tends  to 
raise  the  angle  of  the  mouth.  Most  of  the  muscles  of  the  face 
are  attachc<l  at  one  part  to  bone,  at  another  to  skin  or  to  some  other 
muscle.  The  skin  of  the  human  face  is  remarkable  for  its  tenuity, 
flexibility,  and  abundant  supply  of  ve.ssels  and  nerves ; its  vascu- 
larity tinting  the  checks  and  lips : it  is  more  adherent  and  tbe 
subjacent  cellular  tissue  is  denser  along  the  median  line  than  at 
other  parts. 

The  ‘ orbicularis  oris,’  fig.  29,  a o,  has  no  attachment  to  bone. 
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in  contact  and  pressing  them  firmly  togetlier,  but  the  upper  and 
lower  halves  can  act  separately,  or  the  fibres  of  one  siile  may 
contract  while  the  others  are  quiescent,  so  that  dificrent  parts  of 
the  lips  may  be  moved  by  different  portions  of  the  muscle,  which 
may  be  regulated  or  antagonised  by  the  muscles  which  con- 
verge to  the  mouth.  A pair  of  accessory  strips  to  the  orbi- 
cularis, ‘ acccssorii  orbicularis  superioris,’  rise  from  the  alveolar 
Iwrdcr  of  the  premaxillary,  and  arching  outward  on  each  side  are 
continuous  at  the  angles  of  the  mouth  with  the  other  muscles 
tlicre  inserted.  A second  pair,  ‘ naso-labiales,’  descend  from  the 
septum  of  the  nose  to  the  upper  lij),  but  with  an  interval,  cor- 
resjK>nding  with  the  depression  on  the  skin  beneath  that  septum. 


It  consists  of  two  semi-elliptic  planes  of  muscular  fibres  which 
surround  the  mouth  and  interlace  on  either  side  with  those  of 
the  ‘ buccinator  ’ and  other  dilators  of  the  oral  orifice.  The  ex- 
ternal or  peripheral  surface  adheres  to  the  akin,  the  internal  or 
posterior  surface  is  covered  by  the  mucous  membrane  of  the 
mouth.  Acting  as  a whole  it  closes  the  mouth,  bringing  the  lips 

28  29 


84ii>crflcUl  ma»(le0  of  ttic  bead  and  neck. 


MuscIm  of  tbc  face. 
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Tlic  ‘ levator  lahii  superioris,’  fip.  29,  I,  arisca  from  the  lower 
inarffin  of  the  orbit,  and  descends  to  be  inserted  into  the  orbi- 
cularis and  the  skin  of  the  upper  lip.  The  ‘ levator  anguli  oris,’ 
fig.  29,  c,  arises  below  the  sulwrbital  foramen  and  descends, 
inclining  outward,  to  the  angle  of  the  mouth,  blending  its  fibres 
with  those  of  the  zygomatici  and  orbicularis.  The  ‘ zygomaticus 
major,’  fig.  29,  3,  is  cylindrical,  rising  from  tlie  malar  and  de- 
scending obliquely  inward  to  a similar  insertion  at  the  angle  of  the 
mouth.  The  zygomaticus  minor,  fig.  29,  3,  ari.scs  in  front  of  the 
zyg.  major,  and  passing  downward  and  inward  to  tlie  angle  of 
the  mouth,  where  it  is  continuous  with  the  outer  margin  of  the 
levator  labii  siiperioris.  The  levator  menti  is  a conical  fasciculus 
arising  from  the  incisive  fossa  of  the  mandible,  external  to  the 
symphysis,  and  expanding  as  it  descends  to  be  inserted  into  the 
integument  of  the  skin.  The  ‘ depres.sor  labii  inferioris,  ’ fig.  .30, 
(/,  arises  from  the  inner  half  of  the  external  oblique  line  of  the 
mandible,  and  is  partly  also  continued  from  the  platysma:  its 
lil)res  ascend,  inclining  inward  to  be  attached  to  the  lip,  where 
they  blend  with  those  of  the  orbicularis  oris.  The  ‘ dcprcss<ir 
anguli  oris,’  fig.  29,  t,  arises  from  the  external  oblique  line  of  the 
mandible  : its  fibres  a.scend  and  converge  to  the  angle  or  commis- 
sure of  the  lij)s,  blending  with  the  other  insertions  at  that  part. 

The  buccinator,  fig.  30,  h,  ari.scs  from  both  ui)|>er  and  lower 
jaws  and  the  ])tcrygo-maxillary  ligament : its  fibres  line 

the  check  and  converge  toward  the  angle  of  the  mouth,  where 
some  decussate,  the  lower  ones  going  to  the  upper  segment  of 

the  orbicularis,  the  iipiicr  ones  to 
the  lower  segment,  while  other 
fibres  arc  continued  forward  into 
the  c«irres|s)nding  li|>.  The  buc- 
cinator acts,  in  antagonism  with 
the  orbicularis,  in  spirting  fluids 
from  the  mouth  and  in  playing  tin 
wind  instruments.  In  mastication 
the  buccinator  presses  the  food  from 
between  the  cheek  and  gums  into 
the  cavity  of  the  mouth.  It  assists 
also  in  deglutition  when  the  mouth 
is  closed,  by  pressing  the  fisnl  back- 
ward. The  ‘ levator  labii  su|>crioris 
abi'(|uc  nasi  ’ arises  from  the  nasal 
process  of  the  maxillaiy',  descends 
obliquely  outward  and  divides,  a short  strip  being  attachetl  to 
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the  cartilage  of  the  ala  nasi,  the  outer  and  longer  strip  to  the 
skin  of  the  upper  lip  near  the  nose,  and  becoming  blended  with 
the  orbicularis  and  levator  labii  proprius.  The  ‘ triangularis  nasi,’ 
or  ‘ compressor  nans,’ figs.  29,  and  30,  n,  arises  from  the  maxillary 
external  to  the  incisive  fossa : its  fibres  proceed  upward  and 
inward,  expanding  to  an  aponeurosis  continuous,  over  the  bridge 
of  the  nose,  with  that  of  the  opposite  muscle.  The  ‘depressor  ala; 
nasi  ’ is  a short  flat  muscle  ratliating  upward  from  the  myrtiform  or 
incisive  fossa  of  the  maxillary  ; it  sends  upper  fibres  to  the  septum 
and  back  part  of  the  ala;  nasi  and  lower  ones  itito  the  orbicularis 
oris.  The  ‘ orbicularis  palpebrarum,’  fig.  29,  o,  surrounds  the 
orbit  and  eyelids : it  arises  from  the  internal  angular  process  of 
the  frontal,  from  tlic  nasal  juxKiess  of  the  maxillary,  and  by  a 
short  tendon  at  the  inner  angle  of  the  orbit  It  rapidly  expands 
to  form  a broad  thin  elliptical  plane  of  fibres : the  j)alpebral  por- 
tion is  thin  and  pale : the  orbital  ]>ortion  is  thicker  and  of  a 
reddish  colour.  The  action  of  the  muscle  is  that  of  a sphincter, 
the  curved  fibres  in  contraction  approaching  the  centre  : but  as 
they  are  fixed  at  the  inner  side  the  skin  to  which  the  muscle  is 
attached  is  drawn  toward  the  nose,  and  becomes  corrugated  into 
folds  which  converge  toward  the  inner  canthus.  The  ‘ comigator 
supcrcilii,  is  a small  triangular  muscle  placed  at  the  inner  end  of 
the  eyebrow,  arising  from  the  same  end  of  the  superciliary  ridge: 
its  fibres  pass  upward  and  outward  to  be  inserted  into  the  under 
surface  of  the  orbicularis  palpebrarum.  It  depresses  the  eye- 
brow, and,  in  conjunction  with  its  fellow,  throws  the  integuments 
into  vertical  folds  as  in  the  act  of  frowning.  The  ‘occipito- 
frontalis ’ consists  of  an  anterior  and  posterior  cameous  expansion 
united  by  a broad  ‘ epicranial,’  aponeurosis.  The  anterior  muscle, 
fig.  28,  y,  consists  of  two  lateral  portions,  ca<di  connected  in- 
feriorly  with  the  integument  of  the  corresponding  eyebrow,  and 
slightly  overlapped  by  the  ‘ orbicularis.’  The  posterior  or  oc- 
cipital jK)rtion,  ib.  o,  also  consists  of  a pair,  attached  interiorly  to 
the  upper  curved  line  of  the  superoccipital,  and  to  tlie  mastoid. 
The  fibres  are  parallel  and  nearly  vertical.  The  action  of  this 
muscle  is  most  apparent  upon  the  skin  of  the  forehead  and  tlic 
eyebrows : it  raises  the  latter  and  throws  the  former  into  trans- 
verse wrinkles. 

§ 202.  Locomotion  of  Mammals. — In  the  movements  of  the 
human  frame  the  three  kinds  of  lever  are  exemplified.  Those  of  the 
head  u]K>n  the  atlas  arc  on  the  principle  of  the  first  kind,  fig.  31, 
in  which  the  fulcrum  F is  between  the  power  p and  the  resistance 
w.  When  the  body  is  raised  on  tip-toe  by  tlic  action  of  the 
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muscle.s  on  the  heel-bone,  fig.  .37,  h,  the  action  is  that  of  the  second 
kind  of  lever,  in  which  the  resistance  (of  the  tibia  on  the  astraga- 
lus), as  in  fig.  32,  w,  is  between  the  fulcrum  F (afforded  by  the 
ball  of  the  hallux),  and  the  power  a (tendo  achillis). 

31  33 


Levtr  of  the  Brel  kind.  Urrot  of  the  •eemid  kind. 

In  lifting  a weight  in  the  hand  by  motion  of  the  fore-arm  onlv, 
fig.  33, the  elbow-joint  is  bent;  the  power  (of  the  flexors  of  the 
fore-arm)  being  a])plicd  (as  by  the  biceps,  /t)  at  n,  between  the 
fulcrum  (ellKiw-joint)y,  and  the  resistance  w or  h,  according  to  the 
third  kind  of  lever  exemplified  in  fig.  .34. 

The  mechanism  of  the  pulley  is  exeiniilificd  in  the  pa.«s.agc  of  the 
tendons  of  the  peronci  muscles  thnnigh  the  groove  of  the  external 
malleolus  of  the  human  ankle-joint,  in  the  tendon  of  the  obturator 

as 


internu.s  gliding  tlmmgh  the  groove  in  the  os  isehii,  in  the  tendon 
of  the  eircumflexiis  pnlati  pa.ssing  through  the  hamular  pr<H'0!>8  of 
the  sphenoid  bone,  in  the  tendon  of  the  oblifiuus  superior  gliding 
through  the  ring  attnclusl  to  the  frontal  bone,  afid  in  several 
other  instances  where  a change  tif  the  directions  of  the  limbs 
results  from  tendons  passing  over  joints,  through  grooves  in 
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bones,  or  under  ligaments,  by  which  the  muscles  are  capable  of 
producing  effects  on  distant  organs  without  disturbing  the  sym- 
metry of  the  body,  an  effect  which,  owing  to  the  limited  j)owcr 
f)f  contraction  in  the  muscles,  could 
be  accomplished  in  no  other  way. 

The  joints  in  the  mammalian 
skeleton  are  chiefly  of  two  kinds, 

‘ ginglymoid  ’ or  hinge-joints,  and 
‘ enarthrodial  ’ or  ball-and-socket 
joints.  In  Man  the  former  are  less 
definitely  fitted  for  motion  on  one 
])lanc  than  in  most  brutes.  The 
arm  and  fore-arm  move  in  concen- 
tric planes  upon  the  elbow-joint ; the  knee-joint  allows  a certain 
rocking  motion  of  the  leg  ujwn  the  thigh ; the  ankle-joint  has  a 
greater  latitude  of  motion,  and  the  foot  may  be  directed  out  of 
the  plane  of  the  leg’s  motion. 

Atmospheric  pressure  exercises  its  influence  upon  joints.  Dr. 
Amott  estimates  the  amount  of  that  on  the  knee-joint  at  60  lbs. ; 
AVeber  of  that  on  the  hip-joint  at  about  26  lbs. : in  the  hip-joint 
of  the  Alegatherium  the  pressure  could  not  have  been  less  than 
150  lbs. 

A.  Sicimming.  — Quadrupeds  with  inflated  lungs  are  of  less 
specific  gravity  than  water,  and  swim  by  alternate  extension  and 
flexion  of  their  legs;  the  eflective  stroke  being  the  act  of  extension, 
when  the  limb  presents  a larger  area  to  the  water  than  in  flexion  : 
this  is  seen  in  the  Horse,  which  strikes  the  water  with  the  ex- 
panded and  subconcave  surface  of  the  hoof,  but  draws  the  convex 
conical  part  through  the  water  in  the  bending  of  the  limb  pre- 
paratory to  the  next  effective  stroke.  In  the  best  water  dogs  the 
digits  are  connected  by  webs,  which  are  stretched  in  the  back  or 
down-stroke,  folded  in  the  retuni  movement.  The  feet  of  the 
Otter  are  broader,  especially  the  hind  ones,  and  more  fully  pahnated. 
The  Seals  and  AVhalcs  have  the  limbs  fashioned  as  fins. 

Man,  with  the  chest  well  expanded,  is  lighter  than  water : the 
])rcsence  of  mind  which  counteracts  the  tendency  produced  by 
immersion  in  a cold  and  dense  medium  to  expel  the  air  from  the 
lungs  is  the  first  safeguard  against  drowning ; and  next,  if  the 
art  of  swimming  has  not  been  learnt,  to  keep  the  head  immersed 
to  the  mouth  and  nose,  and  to  refrain  from  the  misdirected 
struggles  of  terror  which  tend  only  to  hasten  on  the  catastrophe. 

In  swimming,  the  hands  and  feet  are  employed  so  as  to  present 
the  greatest  surface  to  the  water  in  the  effective  stroke,  the  least  in 
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the  preparatory  movement ; in  this  the  hands  are  brought  near  the 
mesial  plane,  with  the  palmar  surfaces  parallel  to  each  other ; 
they  arc  then  thrust  forward  by  the  extension  of  the  arm,  with 
the  points  of  the  fingers  in  advance  to  cut  the  water  with  the 
least  resistance ; when  the  hands  have  nearly  reached  their  greatest 
distance  from  the  centre  of  gravity,  they  are  rotated  by  pronation, 
so  that  the  palms  are  directed  at  an  oblique  angle  outward  and 
downward ; they  are  then  forced  backward  by  the  abduction  of 
the  whole  arm  through  a large  arc  of  a circle,  having  the  shoulder- 
joint  for  its  centre,  and  the  length  of  the  arm  for  its  radius ; tlie 
lore-arm  is  then  flexed,  and  carried  into  its  former  position  pre- 
I>aratory  to  making  another  stroke.  During  the  extension  of  the 
ann,  the  feet  are  drawn  toward  the  centre  of  gravity,  with  their 
convex  surface  directed  obliquely  backward  by  the  extension  of 
the  ankle  and  flexion  of  the  hip  and  knee  joints,  and  during  the  al>- 
ductioii  of  the  arm  the  flat  surfaces  of  the  feet  are  driven  forcibly 
backward  and  downw'ard  by  the  sudden  extension  of  the  leg. 
From  the  ratio  of  the  areas  of  the  hands  and  feet,  and  the  ratio 
of  the  difference  of  their  velocities  in  the  two  strokes,  there  results 
such  a preponderance  of  the  force  in  the  vertical  direction  upward 
and  in  the  horizontal  directif)n  forward  as  is  sufficient  to  keep  the 
respiratory  oi)enings  above  the  surface  of  the  water,  and  to  over- 
come the  resistance  which  the  water  opjwscs  to  the  motion  of  the 
bcnly,  due  to  its  figure  and  velocity. 

B.  Movitiff  on  I.and. — In  mammalian  quadrupeds  the  limhs 
are  usually  long,  and  suj)port  the  trunk  horizontally,  uplifted 
from  the  ground,  as  on  columns  expanded  at  their  base.  The 
ui»perniost  long  bone  is  single,  the  next  two  form  a pair,  side  by 
side,  and  these  rest  on  more  numerous  ossicles,  transferring  the 
weight  upon  the  base  of  two,  three,  four,  or  five  diverging  piles  : 
the  single  hoof  of  the  Horse  seems  an  exception,  but  it,  too,  ex- 
pands to  its  base.  The  shafts  of  the  long  bones  are  hollow, 
agreeably  with  the  principle  of  combining  greatest  strength  with 
least  weight.  According  to  the  lightness  and  speed  of  the  quad- 
ruped, the  liml>-bonc8  are  inclined  to  each  other’s  axes  at  a 
gi-eatcr  angle.  In  the  colossal  Elephant  and  Megathere  they 
rest  on  each  other  almost  vertically,  in  supporting  the  trunk. 
The  horizontal  trunk  and  produced  head  and  neck  of  quadrupeds 
cause  the  largest  proportion  of  the  weight  to  fall  upon  the  front 
pair  of  supporting  ct^lumns,  of  which,  accordingly,  the  angles  of 
the  joints  are  less,  and  the  direction  more  vertical  than  in  the  hind 
jiair,  as  is  well  exemplified  in  the  hoofed  kinds  (vol.  ii.  figs.  307, 
.309,  .3 10). 
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In  walking,  the  Horse,  if  the  right  side  be  in  advance,  moves 
first  the  left  hind-leg,  second  the  right  fore-leg,  third  the  right 
hind-leg,  fourth  the  left  fore-leg ; propelling  the  centre  of  gravity 
forward  over  a space  equal  to  the  length  of  the  first  step.  When 
the  left  hind-leg  is  in  the  act  of  advancing,  the  trunk  is  supjx>rted 
on  the  other  three  legs  and  is  balanced  on  a triangular  instead  of 
a paralielogrammical  basis.  A succession  of  movements  of  the  four 
legs,  in  the  above  order,  constitutes  the  progression  by  walking 
in  most  quadrupeds ; its  rapidity  depends  on  the  time  occupied 
in  the  series  of  movements  by  which  the  limbs  effect  the  step.  In 
a large  well-made  Horse  one  foot  may  move  the  length  of  a step 
in  a second  of  time,  when  each  leg  may  swing  during  one  quarter 
and  rest  on  the  ground  three  quarters  of  a second.  Rapid  walkers 
do  it  in  less  time,  and  the  interval  between  putting  down  one  leg 
and  lifting  another  becomes  inappreciable.  In  quadru{)eds  with 
limbs  unusually  long  in  proportion  to  the  trunk  there  is  a modifi- 
cation of  the  act  of  walking : the  Camel  and  Giraffe  seem  to 
swing  along  by  moving  the  two  right  limbs  together  and  alter- 
nately with  the  two  left  limbs.  But,  though  in  a quick  walk  the 
two  legs  of  the  same  side  seem  to  be  moved  forward  simul- 
taneously, and  are  both  off  the  ground  at  the  same  time  through 
the  greater  part  of  the  step,  yet  on  close  inspection  the  hind-leg 
is  seen  to  be  first  lifted  from  the  ground,  and  after  a very  brief 
interval  the  forc-leg  of  the  same  side.*  In  this  way  of  walk  the 
trunk  is  balanced  on  a linear  basis  of  support,  alternately  trans- 
ferred from  one  side  to  the  other.  In  the  Giraffe  the  long  neck 
is  then  stretched  out  in  a line  with  the  back,  giving  the  animal  a 
stiff  and  awkward  appearance;  but  this  is  lost  when  they  commence 
their  graceful  undulating  amble  : 35 

the  motions  of  the  legs  are  now 
]>cculiar;  the  hind-pair  are  lifted 
alternately  with  the  fore,  and  arc 
carried  outside  of  and  beyond  them 
by  a kind  of  swinging  movement.’ 

In  the  pace  of  the  Horse  called 
the  ‘ trot,’  the  legs  move  in  pairs 
diagonally,  those  marked  b,  e,  fig. 

35,  e.g.  being  raised  as  soon  as  a,  d, 
strike  the  ground : the  bases  of  suj>- 
jK)rt  are  alternately  in  the  lines  a,  d,  b,  e ; and  the  undulations  from 
the  projection  of  the  trunk  are  in  the  vertical,  not  as  when  walking 

' XCT  ir.  p.  244.  ’ Ib.  p.  244. 
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in  the  horizontal,  plane.  Moreover,  in  the  rapid  trot,  each  leg 
rests  a short  time  on  the  ground  and  swings  a longer  time. 

The  gallop  includes  three  comhinations  of  movements  of  the 
limbs.  When  the  Horse  begins  the  gallop  on  the  right  hind-leg, 
the  left  one  reaches  the  ground  first ; the  right  hind  and  left  fore- 
legs next,  simultaneously,  and  the  right  fore-leg  last ; this  is  termed 
the  gallop  of  three  beats.  In  the  gallop  where  the  four  legs  strike 
the  ground  successively,  the  left  hind-foot  reaches  the  ground 
first,  the  right  hind-foot  second,  the  left  fore-foot  third,  and  the 
right  fore-foot  fourth  ; this  is  the  ‘ canter,’  or  gallop  of four  beats, 
but  it  is  not  the  kind  of  movement  adapted  for  great  speed.  The 
gallop  wherein  the  legs  follow  the  same  order  as  in  the  trot — 
that  is,  the  left  hind  and  right  fore-feet  reaching  the  ground  simul- 
taneously, then  the  right  hind  and  left  fore-feet — is  the  order  in 
which  horses  move  their  feet  in  racing,  where  the  greatest  si>ee<l 
is  required,  and  is  called  i\\a  gallop  of  tiro  beats.  In  the  ‘ amble,’  the 
two  legs  on  one  side  rest  on  the  ground  and  propel  the  centre  of 
gravity  forward,  whilst  those  on  the  opposite  side  are  raised  and 
advanced,  and,  on  taking  a new  position  on  the  plane  of  motion, 
the  former  pair  arc  raised  and  advanced  in  a similar  manner : 
these  successive  actions  are  accompanied  by  considerable  lateral 
motion.  This  resembles  the  gallop  of  the  Giraffe,  and  is  a result  of 
sj)ccial  traiiiing  in  the  Horse.  In  the  ordinary  galloj),  the  centre 
of  gravity  moves  in  a vertical  plane,  and  describes  the  path  of  a 
projectile.  The  spsice  passed  over  on  the  plane  of  motion  is  equal 
to  the  horizontal  velocity  of  the  centre  of  gravity  multiplied  by  the 
time.  According  to  Sainhell,  the  horse  Eclij)se,  when  galloping 
at  liberty  and  with  its  greatest  s|>eed,  ])assed  over  the  space  of 
twenty-five  feet  at  each  stride  or  leap,  which  he  repeated  2^  times 
in  a second,  being  nearly  four  miles  in  six  minutes  and  two  seconds. 
Flying  Childers  was  computed  to  have  passed  over  eighty-two  feet 
and  a half  in  a second,  or  nearly  a mile  in  a minute.  In  both 
the.se  famous  racers  the  mn.scular  system  had  been  allowed  to  gain 
its  full  dcvelopemcnt,  as  at  four  years,  before  being  exerciseil  for 
the  course  : mcxlern  impatience  strains  and  spoils  the  muscles  liy 
the  chief  prizes  being  allotted  to  threeTVear-old  horses. 

In  many  Marsupials  and  Rodents  the  hind-legs  are  shorter 
than  the  fore-legs,  the  disj>roj>ortiou  being  greatest  in  the  Kan- 
garoos and  Jerboas.  In  slow  progression  the  Kangaroo  supports 
the  bfaly  on  the  tail  and  fore-legs,  while  the  hind-legs  are  simul- 
taneously moved  forward  out.side  and  in  advance  of  the  fore-legs; 
the  base  of  sujqwrt  being  here  transferred  from  a triangle  to  a 
transverse  line.  In  full  speed  the  tail  is  rigidly  outstretcheil  to 
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afTonl  a firm  fulcrum  to  muscles  passing  from  the  caudal  vertebnc 
to  the  pelvis  and  hind-liinhs  : the  short  fore-liinhs  arc  tucked  up 
to  the  chest  so  as  to  offer  the  smallest  surface  to  the  air,  and  the 
animal  j)rogresses  in  a scries  of  hounds  hy  siinultancous  move- 
ments of  the  hind-limbs. 

The  Rabbit,  in  moving  slowly,  advances  the  fore-feet  two  or 
three  steps  alternately.  The  body  being  thus  elongatetl,  the  hind- 
legs are  suddenly  extende<l  and  drawn  forward  simultaneously  : it 
thus,  as  it  were,  walks  with  the  fore-legs,  and  leaps  with  the  hind. 
The  Hare  is  under  disadvantage  with  its  long  hind-limbs  in 
running  down-hill,  owing  to  the  great  inclination  of  the  axis  of 
the  trunk  to  the  plane  of  motion,  and  it  usually  zigzags  as  it 
descends  ; but  it  gains  proj)ortionally  in  the  ascent,  and  its  speed 
on  level  ground,  through  the  size  and  strength  of  the  chief  j)ro- 
|>elling  limbs,  is  very  great.  The  degree  of  flexion  of  the  trunk 
accomjjanying  the  movements  of  these  and  other  quadruj)c<ls  is 
imlicated  hy  that  in  which  the  neural  spines  converge  toward  the 
single  vertical  one  marking  the  centre  of  motion,  and  it  is 
commonly  greatest  in  the  unguiculate  quatlrupcds. 

The  verticality  of  the  long  and  narrow  tarsus  and  metatarsus 
pnxlucing  the  ‘ digitigrade’  character  of  the  type  Carnivora,  com- 
f)ines  with  the  geometrical  and  phj-sical  relations  of  the  other  parts 
of  the  limbs  to  give  them  their  superior  speed  and  agility.  In  the 
Dogs  and  Cats  the  oblique  scapula,  being  unfettered  by  bony 
(clavicular)  connection  with  the  sternum,  enjoys  the  freeilom  of 
rotation  which  characterises  it  in  the  swift  Ungulates.  The 
humerus  in  the  Lion  (vol.  ii.  fig.  .337)  has  its  axis  directed  down- 
ward and  backward,  forming  with  that  of  the  scapula  an  angle  of 
HO".  The  olecranon  projects  so  far  behind  the  axis  of  rotiition 
in  the  elbow-joint  as  to  constitute  a powerful  lever  for  the  exten- 
sors of  the  fore-ann.  The  hind-limbs  are  longest,  and  the  bones 
are  inclined  more  obliquely  to  each  other  than  in  the  fore-limbs, 
subserviently  to  elasticity  and  power  in  springing.  The  calca- 
neum  is  produced  on  the  same  principle  as  the  olecranon,  but 
forms  the  more  powerful  lever  of  the  two.  The  last  perfection  is 
jriven  to  the  limbs  of  Carnivora  bv  the  modifications  of  the  toes  of 
Felines,  whereby  their  tread  is  noiseless,  and  the  claws  exempt 
from  the  wear  and  tear  of  jwogressive  motion.  It  is  effected  by 
a joint  allowing  the  ungual  phalanges  to  be  brought  in  extension 
alxtve  the  middle  phalanges,  elastic  ligaments  being  adjusted  to 
keep  the  joint  so  extended,  and  by  a thick  cushion  of  soft  clastic 
substance  beneath  the  joint  or  parts  of  the  phalanges  transmitting 
the  superincumbent  weight  to  the  ground. 
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In  the  toes  of  the  fore-foot  the  last  phalanx  is  retracted  on  the 
ulnar  side  of  the  second  phalanx.  The  principal  elastic  ligament 
arises  from  the  outer  side  and  distal  end  of  the  second  phalanx, 
and  is  inserted  into  the  upper  angle  of  the  last  phalanx  : a second 
arises  from  the  outer  side  and  proximal  end  of  the  second  phalanx, 
and  passes  obliquely  to  be  inserted  at  the  inner  side  of  the  base 
of  the  last  phalanx : a third  arises  from  the  inner  side  and 
proximal  end  of  the  second  phalanx,  and  is  inserted  at  the  same 
point  as  the  preceding.  The  tendon  of  the  ‘flexor  profundus 

perforans’  is  the  antagonist  of  these 
ligaments.  The  toes  of  the  hind-foot 
are  retracted  in  a different  direction, 
viz.  directly  ujwn,  and  not  by  the  side 
of,  the  second  phalanx  ; and  the  elastic 
ligaments  are  differently  disposed.  They 
arc  two  in  number,  arise  from  the  sides 
of  the  second  phalanx,  and  converge  to 
Eiutic  iigarocni.  ot  Lion*  ci»w.  inserted  at  the  superior  angle  of  the 

Inst  phalanx.  In  fig.  36,  a is  the  pair  of  elastic  ligaments ; A, 
the  tendon  which  pulls  out  and  works  the  claw;  r,  inelastic 
ligament  continued  from  the  ‘ extensor  ’ tendon,  which  is  mainly 
inserted  into  the  second  phalanx.’ 

The  main  purport  of  the  modifications  of  the  motory  system  in 
Quadrumana  is  to  make  them  climbers.  By  the  developement 
and  direction  of  the  hallux  the  hind-foot  is  converted  into  a 
hand,  with  unusual  power  of  prehension,  especially  in  the  Gorilla ; 
the  joint  of  this  hand  is  so  modified  as  to  give  it  a free  motion 
excentric  to  the  axis  of  the  leg,  whereby  its  outer  edge  is  applied 
to  the  ground ; the  whole  hind-limb  is  shortened,  disproportion- 
ately so  in  the  best  climbers  (vol.  ii.  fig.  180),  in  which  also  the 
hind-limb  may  be  unfettered,  for  its  acts  of  nuonipulation,  by  the 
absence  of  the  ‘ ligamentum  teres  ’ of  the  hip-joint  {Pithecus). 
Tlic  length  of  the  iliac  bones  relates  to  elongation  of  the  muscles 
for  rotating  the  hind-limb  and  hand  more  quickly  and  through 
greater  spaces.  Corrclatively,  the  scapular  arch  approximates 
to  the  condition  of  the  pelvic  one  by  the  extension  of  comjtlete 
clavicles  to  the  manubrium,  and  the  head  of  the  humerus  is  re- 
ceived into  a deeper  and  more  secure  socket  than  in  Bimanu. 
This  is  well  exemplified  in  the  long-armed  Gibbons,  which  enjoy 
the  peculiar  mode  of  locomotion  called  ‘ brachiation.’  The  Ixxly 
is  set  into  pendulous  vibration  by  the  action  and  reaction  of  the 

' The  dissections  of  the  Lion's  foot  showing  the  nbovc-dcscribcd  modifications  of 
Ihi-  elastic  ligaments  are  Nos.  287a  and  288a,  Physiol.  Series,  vol.  i.  xx. 
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muscles  of  one  arm  and  of  the  trunk,  the  force  finally  attained 
and  the  swing  being  such  as  to  propel  the  animal  some  distance 
through  the  air;  a bough  is  seized  by  the  opposite  out-strctche<l 
arm,  and  the  momentum  is  a]>plied  in  aid  of  a repetition  of 
the  action  to  gain  a longer  launch.  I have  myself  witnessed,  in 
the  London  Zoological  Gardens,  an  aerial  leap  of  upwards  of 
fifteen  feet  so  effected  by  the  long  arms  of  a captive  Ilylobat. 
M.  Duvaucel,  observing  them  in  their  native  forests,  testifies  to 
their  passing  through  a distance  of  forty  feet  from  bough  to 
lx)ugh.  Mr.  Martin,  when  curator  of  the  Zoological  Society’s 
Museum,  watching  the  same  female  Hylobates  agilis  which  had 
been  the  subject  of  my  own  study  of  the  brachiating  mode  of 
motion,  states  that,  ‘ a live  bird  being  set  at  liberty  in  ber  pre- 
sence, she  marked  its  flight,  made  a long  swing  to  a distant 
branch,  caught  the  bird  with  one  hand  in  her  passage,  and  at- 
tained the  branch  with  her  other  hand,  her  aim  both  at  the  bird 
and  the  branch  being  as  successful  as  if  one  object  only  had 
gained  her  attention.’  * 

In  most  of  the  Platyrhinc  monkeys  the  tail  is  prehensile,  and 
becomes,  in  Ateles  more  especially,  a fifth  independent  organ  of 
grasping. 

In  ordinary  progression  on  the  ground  tl»c  Qiiadminana  move 
as  quadrupeds;  but  the  higher  tailless  Catarrhinos  (Apes),  in- 
stead of  setting  the  palm  or  outer  margin  of  the  fore-hands, 
like  the  inferior  families,  to  the  ground,  apply  the  back  of  the 
second  phalanges  of  the  flexed  fingers,  tlie  skin  covering  which 
has  a broad  and  thick  callosity,  whence  these  apes  arc  sometimes 
called  collectively,  ‘ knuckle-walkers.’  The  longer-armed  kinds, 
in  slow  movement,  support  the  body  upon  the  knuckles,  ns 
u|K)n  a pair  of  crutches,  and  swing  the  hind-limbs  forward 
between  them.  In  more  rapid  movement  they  sway  the  trunk 
and  hind-limbs  in  a sort  of  sidelong  sweep,  progressing  by  a kind 
f>f  shambling  amble.  The  tracks  of  the  Gorilla  show  this  to  be 
the  habitual  mode  of  progression  along  the  ground.’  Station  or 
motion  on  the  lower  limbs  only  is  shown  to  be  difficult  by  its 
awkwardness  and  the  shortness  of  time  during  which  it  can  be 
maintained.  The  walk  is  a waddle  from  side  to  side,  the  huge 
superincumbent  body  being  balanced  by  swinging  movements  of 
the  long  arms,  or  by  clasping  the  hands  behind  the  head.  When 
BO  pursued  as  to  be  driven  to  stand  at  bay,  the  Gorilla,  like  the 
plantigrade  Bear,  raises  himself  on  the  hind-hands,  so  as  to  have 
his  powerful  arms  and  fists  free  for  the  combat. 

' xi.riii".  ’ xni".  p.  532. 
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Tlic  Ditnana  are  as  expressly  adaptetl  to  station  and  movement 

on  the  ground  as  are  the  Quadru- 
manatoclimbinjiintheforest.  There 

O 


is  no  known  connecting  link  between 
the  lowest  variety  of  Man  and  the 
highest  species  of  Ape.  No  animal 
is  served  by  arms,  at  once  so  large 
and  variously  flexible  and  applica- 
ble as  Man  ; in  none  are  the  termi- 
nal divisions  of  the  limb  so  distinct 
in  their  power  and  adaptibility.' 
The  mechanism  of  the  vertebral 
column  and  limbs  which  makes 
Man  a ‘ plantigrade  biped,’  and  the 
only  one  in  the  Animal  Kingdom, 
is  as  perfect  in  the  Mincopie,* 
Australian,  or  Boschisman,  as  in 
the  most  advanced  member  of  the 
white  race.  The  locomotive  frame 
of  any  variety  would  equally  serve 
as  the  subject  of  such  elaborate 
analyses  of  the  mechanical  condi- 
tions of  ‘ standing,’  ‘ walking,’  ‘ run- 
ning,’ ‘ lea])ing,’  &c.  as  have  been 
given  by  Borelli,’  Barthez,‘  Rou- 
lin,*  Gerdy,®  and  W.  & E.  W eber,^ 
to  whose  works,  and  especially  the 
latter,  the  render  is  referred  for 
this  interesting  branch  of  Animal 
Mechanics. 


' Lxiv.  ’ XXXVII".  • cxxxr. 

‘ XIV.  ‘ XV”.  * .XVI".  ' XII". 

Fiijuro  37  exemplifies  a Man  stooping  witli  a load,  and  sustained  in  that  position 
by  the  glutei,  /.  the  quadriceps  femoris,  y,  and  the  gastrocnemii,  /.  If  the  weight  r 
be  120  lbs.,  that  of  the  bearer  1 50  lbs.,  and  if  the  lino,  r a be  tlic  direction  of  the  force 
of  gravity  cutting  the  femur  and  tibia  in  c and  x,  the  Centre  of  gravity  of  the  Man  being 
at  h,  and  the  common  centre  of  gravity  of  the  Man  and  bis  load  at  a,  then  the  weight 
of  the  Man  from  the  head  to  A will  be  ■>  ’J”  lbs.  = 75  lbs.,  and  that  of  the  section  A 
to  c,  by  supposition,  = 47  ; therefore  the  weight  of  the  arc  a A c = 75  + 47  = 122, 
also  by  su]>position  the  section  c v x = 20,  and  consequently  the  whole  arc  n b v x 
142  ; the  distances  of  the  directions  of  the  muscles  from  the  axes  of  the  joints  to 
the  distances  of  the  line  of  gravity  arc,  according  toBorclli,  in  the  following  ratio, — 
J the  distance  /A  is  to  the  di-tance  ni  A as  1 is  to  8 ; ^ o u is  to  < v as  I to  6 ; J A </ 
is  to  p (f  as  1 to  3 ; and  < t;  to  A la  as  3 to  4 j hence  he  derived  certain  proportions, 
from  which  he  estimated  that  the  extensor  muscles  of  the  leg,  to  sustain  this  weight, 
exerted  a force  — 6032  lbs.,  being  more  then  fifty  times  the  weight. 
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CHAPTER  XXVIII. 

NERVOU.1  SYSTEM  OF  MAMMALI.V. 

§ 203.  Myelon.  — The  myelon  in  Mammals, 
as  in  Birds,  quits,  in  the  course  of  develope- 
ment,  the  hinder  part  of  the  neural  canal,  mov- 
ing and  concentrating  forwards,  and  leaving 
the  concomitantly  elongated  roots  of  the  nerves, 
between  their  places  of  exit  at  the  intervertebral 
foramina  and  their  places  of  attachment  to 
the  myelon,  as  an  indication  of  the  primitive 
extent  of  the  nervous  axis. 

It  is  remarkable  that  the  Monotrematous 
ortler,  so  restricted  in  its  representative  genera, 
should  present  the  two  extremes  of  this  deve- 
lo|>cmental  difference  in  the  length  of  the 
myelon.  The  Omithorhynchus  hardly  departs 
from  the  condition  of  the  lizard,  the  myelon 
extending  into  the  sacrum,  and  having  the 
intravertebral  nerve-roots  limited  to  the  short 
canal  of  the  caudal  region  ; whilst  in  the  Echid- 
na, fig.  38,  the  myelon  moves  forward  to  the 
middle  of  the  dorsal  region,  d,  where  it  ends 
in  a point,  and  leaves  all  the  canal  behind 
occuj)ied  by  the  elongated  nerve-roots  and 
shrunken  emptied  myelonal  sheath,  answering 
to  the  ‘ cauda  equina  ’ and  ‘ filum  terminale  ’ of 
anthropotomy,  but  of  extraordinary  length. 

In  the  Omithorhynchus  the  myelon  fills 
closely  the  neural  canal : it  is  thickest  at  its 
commencement  and  at  the  lower  two-thirds 
of  the  cervical  region ; it  is  more  slender 
in  the  back,  especially  near  the  loins;  it  is 
slightly  enlargetl  in  the  lumbar  region,  and 
gradually  terminates  in  a j>oint  at  the  end  of 
the  sacral  canal.  The  short  and  thick  myelon 
of  the  Echidua  presents  the  two  usual  enlarge- 


38 


nmfn  ami  apluai  cli<>rd, 
£c}il(ltiQ,  half  nat.  slsc. 
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menta,  giving  origins  respectively  to  the  nerves  of  the  pectoral 
and  pelvic  extremities,  the  slightly  contracted  intermediate  por- 
tion being  extremely  short. 

In  the  Marsupialia  the  myelon  usually  extends  to  the  sacrum, 
jg  and  presents  both  brachial  and  pcl- 

f«  vie  enlargements  which  corresjsjnd 

J with  the  relative  size  and  muscu- 

J larity  of  the  extremities  to  which 

I they  furnish  the  nerves ; the  latter 

;/  enlargement  is  consequently  most 

! j marked  in  the  Kangaroo,  fig.  39,  but 

does  not  exhibit  the  rhomboidal 
' I sinus  of  this  part  in  Birds.  The 

/ i disposition  of  the  layer  of  grey 

I j ^ matter  enveloping  the  central  me- 

dullary tract  in  each  lateral  moiety 
of  the  chord  is  shown  in  the 
i (0  three  situations  marked  i,  2,  and 
Ij'  3;  the  superior  expansion  and  ctim- 

I 1 1 plexity  of  the  grey  matter  in  the 

" I j anterior  columns  of  the  pelvic  cn- 

I I largcment,  3,  accords  with  the  pre- 

I 2 dominance  of  the  locomotive  over 

j|  ' /fiSt  sensory  functions  in  the  long 

1 1 I ■’vdL'  and  strong  saltatory  legs  of  the 

i I Kangaroo. 

In  the  Lissencephala  we  have 
again  examjdes  of  the  concentra- 

ytive  protraction  of  the  myelon  into 

the  dorsal  region,  as  e.g.  in  some 
Cheiroptera  and  in  the  Hedgehog. 
F rom  the  coincidence  of  the  condition 
ot  the  myelon  with  the  tcguineiitary 
covering  in  Erinaccus  and  Echidna,  we  arc  led  to  ask,  whether 
the  shortness  of  the  solid  chord,  and  the  great  length  of  the  suc- 
ceeding nerves  within  the  neural  canal,  have  any  physiological 
relation  with  the  habit,  common  to  both  the  placental  and  mono- 
trematous  hedgehogs,  of  rolling  the  body  into  a ball  when  torpid 
or  asleep,  or  when  the  tegumentary  armour  is  employed  in  self- 
defence.  In  the  bat  it  would  seem  to  be  concomitant  with  the 


reduced  size  and  function  of  the  pelvic  limbs : but,  in  the  Noctulcs 
( Vespertilio  noctula),  the  myelon  extends  to  the  lumbar  vertebne. 
The  anterior  enlargement  is  the  chief  one  in  Cheiroptera,  and  is  close 
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to  the  medulla  oblongata,  as  it  is  likewise  in  the  Cetacea.  In  most 
liodentia  the  myelon  terminates  in  the  lumbar  region,  but  in  the 
rabbit  it  extends  a little  way  into  the  sacrum.  In  the  mouse  the 
relative  proportion  of  the  myelon  to  the  brain  is  as  22  to  100. 

In  the  Cetacea  and  Sirenta,  the  myelon  presents  only  the 
anterior  enlargement,  which  is  very  near  the  brain,  and  is  remark- 
able for  the  close  aggregation  of  the  origins  of  the  nerves  frojn 
that  part.  The  myelon  is  closely  invested  by  the  dura  mater,  which 
is  directly  perforated  by  the  nerves,  and  the  sheath  terminates 
at  the  {minted  end  of  the  myelon,  not  being  continued  as  such, 
over  the  ‘ cauda  equina.’  The  myelon  is  small  in  proportion  to 
the  size  of  the  body,  shows  the  central  canal,  and.  Hunter 
remarks,  ‘ is  more  fibrous  than  in  other  animals  ; when  an  attempt 
is  made  to  break  it  longitudinally,  it  tears  with  a fibrous  aj)- 
{>earance,  but  transversely  it  breaks  irr^ularly.’ ' 

In  the  Elephant  the  dura  mater  surrounds  the  myelon  less 
closely  than  in  the  Cetacea,  and  the  roots  of  the  nerves  have  a 
longer  course  within  the  sheath.  In  the  Giraffe  ’ I found  the 
myelon  closely  invested  by  the  dura  mater,  which  was  thinner  on 
the  dorsal  than  on  the  ventral  side : it  is  chiefly  remarkable  for 
the  length  of  the  cervical  jmrtion,  which  from  the  corjmra  pyra- 
midalia  to  the  {tectoral  or  brachial  enlargement  measured  four 
feet  three  inches.  The  elongation  of  this  part  during  foetal  de- 
velo{>ement  proceeding  by  uniform  interstitial  addition,  the  ro<}ts 
of  the  nerves  become  equally  separated  from  each  other ; and,  as 
the  lowest  filament  of  one  root  was  not  further  removed  from  the 
highest  of  the  next  below,  than  this  from  the  succeeding  filament 
of  the  same  root,  such  filaments  were  extended  over  an  unusual 
space  of  the  myelon ; the  root  of  the  third  cervical  coming  from  a 
tract  of  not  less  than  six  inches  in  length  : the  contrast  between 
the  cervical  myelon  of  the  Porpoise  and  Giraffe  in  this  respect  is 
striking. 

With  the  singular  exceptions  of  the  Echidna,  Hedgehog,  and 
certain  bats,  the  mass  of  the  myelon  bears  a direct  ratio  to  that 
of  the  body  tliroughout  the  Mammalian  series,  and  its  structure 
b essentially  the  same.  In  the  adult  human  male  it  a little 
exceeds  an  ounce  in  weight : its  tbsue  b firmer  than  that  of  the 
brain.  As  in  all  Vertebrates,  the  ventral  and  dorsal  surfaces  are 
respectively  divided  into  equal  moieties  by  a longitudinal  fissure, 
of  which  the  dorsal  is  deepest,  and,  in  the  Mammalia,  closest.  In 
Man,  tlic  intcrfissural  plate  of  pia  mater  can  be  shown  to  be  a 
fold  in  the  ventral  (anterior)  fissure,  fig.  40,  a,  but  b confluent  as  a 

' xciv.  p.  3'4.  ’ xcvii'. 
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single  delicate  layer  of  vascular  tissue  in  the  dorsal  (posterior)  one, 
ib.  c.  A layer  of  white  neurine  accompanies  the  ventral  fold,  which, 
when  withdrawn,  shows  the  fissure  to  be  closed  by  such  layer, 
perforated  by  numerous  holes  for  capillaries : its  fibres  are  trans- 
verse and  form  the  ‘ white  myelonal  commissure.’  The  depth  of 
the  ventral  fissure  is  greatest  at  the  pectoral  enlargement  of  the 
myelon,  and  gradually  diminishes  towards  the  ‘ cauda  equina.’ 
The  deeper  dorsal  fissure  penetrates  fully  one-half  of  the  dorso- 
vcntral  diameter  of  the  myelon  through  the  greater  part  of  its 
course,  but  becomes  shallower  in  the  lumbar  region : it  is  bounded 
by  a layer  of  grey  neurine,  connecting  the  same  tissue  in  each 
lateral  moiety  of  the  myelon,  which  layer  forms  the  ‘ grey  mye- 
lonal commissure.’ 

In  the  developemcnt  of  the  myelon,  as  of  the  encephalon,  the 
central  part  contains  a fluid  which  is  reduced  by  the  endogenous 

growth  of  neurine,  on  aji- 
proaching  maturity ; it  re- 
mains in  the  myelon,  as  its 
‘ canal,’  which  is  obvious  in 
the  cold-bloo<led  Verte- 
brates,' and  is  exposed,  in 
birds,  as  the  ‘ ventricle  of 
the  pelvic  enlargement,’  as  it 
is  in  the  ‘ fourth  ventricle  ’ 
of  all  Vertebrates,  where  it 
bears  the  name  of  ‘ calamus 
scriptorius  ’ in  anthrojwto- 
my.  The  myelonal  canal  is 
more  obvious  in  lower  mam- 

'j  ranBTPn^  secuoo  oi  lue  uuiiian  myeiun,  rinse  K)  ini' vuiru  ^ _ . • — . . , 

and  foaitli  cenlcal  nervea.  Ma^itavd  ten  diameters*  ITIIliS  ^ th&D  in  i\l&n,  Sincl  in 

■ the  foetus  than  in  the  adult ; 

in  whom,  whilst  unobliterated,  it  is  surrounded,  like  the  more 
obvious  myelonal  canal  in  Reptiles,  by  the  grey  commissural 
neurine.  The  canal  is  lined  by  ciliate  cells.’  The  lateral  columns 
of  this  tissue,  united  by  the  commissure,  are  thicker  but  less  peri- 
jiherally  extended  in  the  ventral,  than  in  the  dorsal,  h,  portions 
of  the  myelon.  In  transverse  section  the  grey  neurine  resem- 
bles a comma,  the  concavity  of  which  is  directed  outwanl, 
the  head,  fig.  40,  is  surrounded  by  the  peripheral  white 
neurine,  and  the  tail,  ib.  h,  i,  is  produced  to  the  issue  of  the  dorsal 
(jKJSterior)  nerve-roots,  ib.  k.  The  proportions  of  the  grey  and 

’ vol.  i.  pp.  272.  296.  ’ xx.  Tol.  iii.  p.  43,  no.  1362.  • XTIU". 
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white  neurinc  vary  in  different  parts  of  the  myelon.  In  fig.  41, 
1 is  a section  at  the  fore  (upper)  part  of  the  pectoral  enlargement, 
the  head  of  the  comma  is  small,  the  tail  narrow : in  the  middle  of 


the  enlargement,  section  2,  the  head  is  larger, 
with  more  distinct  processes,  the  tail  is  thicker. 
In  the  dorsal  region,  sections  3,  the  grey  matter 
is  more  reduced  than  in  the  neck.  In  the  lum- 
bar region,  sections  4,  it  again  expands,  the 
head  shows  the  stellar  character,  is  fenced  off 
from  the  ventral  periphery  by  a smaller  extent 
of  white  neurine  ; the  tail  is  thicker,  but  here 
becomes  shorter  and  seems  not  to  reach  the 


dorsal  surface.  Kear  the  termination  of  the 
myelon  the  comma-shape  is  lost,  and  the  grey 
neurine  reduced  to  a subcylindrical  tract, 
slightly  notched  laterally  and  surrounded,  save 
at  the  coimnissure,  by  the  white  neurine.  Of 
this  tissue  the  largest  proportion  exists  in  the 
cervical  part  of  the  myelon  and  its  enlarge- 
ment, where  the  small  columns  called  ‘ jwsterior 
pyramids  ’ are  continued  from  the  dcnsal  part 
of  the  medulla  oblongata,  contracting  to  a jK)int, 
near  the  end  of  the  brachial  enlargements,  and 
there  allowing  the  proper  dorsal  (posterior) 
columns  of  the  myelon  to  come  into  contact  at 
tlie  jx>sterior  fissure.  The  difference  in  the 
proportions  of  white  and  grey  neurine  in  the 
ventral  and  dorsal  tracts  of  the  myelon  coin- 
cides with  the  different  nervous  endowments 


of  the  pectoral  and  j)el\'ic  limbs  : in  the  former 
volition  and  sensation  are  greatest ; in  the  latter 
reflex  actions  with  diminished  sensibility  : the 
exercise  of  the  arms  and  hands  induces  more 
calls  ujKjn  cerebral  action,  that  of  the  legs 
and  feet  operates  more  exclusively  through 
physical  changes  of  the  lumbar  part  of  themye- 


Tr»n»vcnK“  the 

A.  Anterior  or  *re  ntrai. 
I’.  Poiterior  or*  dur»»l.' 


Ion  itself:  hence,  therefore,  the  need  of  a greater  proportion  of 


the  reproductive  or  grey  tissue.  Numerous  multi-caudate  vesicles 


are  present  in  the  grey  neurine,  and  linear  tracts  are  continued 
from  the  major  part  of  its  periphery,  as  seen  in  transverse  section, 
towards  that  of  the  myelon,  accompanied  by  capillary  vessels 
which  enter  the  pia  mater. 

The  projKjrtion  of  the  neural  canal  to  the  myelon  varies  in 


Digitized  by  Coogle 


78 


ANATOMY  OF  VERTEBRATES. 


different  mammals : it  is  greatest  in  the  Cetacea,  Sirenia  and 
Seal-tribe,  the  space  between  the  myelon  and  neural  arches  being 
occupied  by  blood  vessels,  which,  in  those  aquatic  orders,  are 
chiefly  arterial  plexuses.  In  land-mammals  and  Man  the  veins  pre- 


48  43 


of  Ihe  * j^rlnoural*  ulnoawlth  Tmii«rcr»e  »»orthm  of  dorMi  vfTtrt«ra  find 
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dominate,  having  more  or  less  of  the  character  of  sinuses,  as  shown 
in  the  section  of  the  lumbar  vertebra,  fig.  42,  where  the  conununi- 
cation  of  the  ‘ perineural  ’ veins,  d,  with  those  of  the  tissue  of  the 
vertebral  centrum,  is  shown.  But  the  most  constant  fluid  exter- 
nal to  the  myelon  is  that  which  has  been  called  ‘ cerebro-spinal.’ 
In  the  dorsal  region  of  the  neural  canal,  in  Man,  the  jwsition  of 
this  fluid  is  shown  in  fig.  43,  where  c is  the  myelon,  with  its  pia 
mater  and  arachnoid,  m the  dorsal  or  posterior  septum,  n the 
nerve-roots,  and  s s the  sub-  or  ent-arachnoid  space.  The  use  of 
the  uniform  suj)port  and  defence  afforded  by  the  interposition  of 
this  fluid  between  the  myelon  and  the  hard  walls  of  the  neural 
canal  is  obvious.' 

The  arachnoid  is  disposed  about  the  myelon,  as  about  the  brain, 
after  the  manner  of  the  serous  membranes;  it  consists  of  an 


exterior  or  ‘ parietal  layer  ’ reflected  ujwn  the  myelon  to  form  the 


Thinsvertc  Brctlon  of  the 
Riyrlun  Riid  Ita  inriiibmiica 
a«TOM  tlio  PMiin  i>f  the 
fifth  ccrvlcaJ  «cr\'c«. 


internal  or  ‘ myelonal  ’ layer.  If  a section  be 
made  through  a pair  of  nerve-roots,  those  e.g. 
of  the  fifth  cervical,  fig.  44,  the  arachnoid  is 
seen  to  be  continued  as  a loose  sheath,  about 
the  inter-neural  part  of  the  root,  n n,  and  is 
reflected  so  as  to  form  small  culs-de-sac,  at 
the  orifices  of  emergence. 

In  Man  the  myelon  is  loosely  invested  by 
the  ‘ dura  mater,’  to  which  it  is  attached  by 


' xix".  In  which  the  cfTccts  of  the  rcmoTal  of  this  fliiUI  in  the  Dog  are  dcscrihcil. 
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processes  of  the  arachnoid  called  ‘ ligamentum  denticulatum,’  and 
the  nerve-roots. 

§ 204.  Encephalon,  Us  primary  divisions. — The  encephalon,  or 
brain,  of  Mammals,  4S 

like  that  of  lower 
Vertebrates, 
tie,  fig.  45  (vol.  i.. 

Shark,  fig.  187, 
and  Lepidosiren, 
fig.  186),  presents 

four  primury  SCg*  Unln  of  » TurUe  slUt' view. 

ments  or  divisions,  indicated  by  as  many  superincumbent,  origi- 
nally vesicular,  masses,  or  pairs  of  masses;  but  consisting,  not 
only  of  those,  but  of  tracts  of  the  myelencephalic  columns  from 
which  those  masses  are  successively  developed. 

The  hindmost  division,  or 
‘ epencephalon,’  fig.  46,  c,  con- 
sists of  the  enlarging  parts  of 
the  myelencephalic  columns,  a, 
called  ‘ medulla  oblongata,’  of 
the  superincumbent  mass,  c, 
originally  a pair  in  the  human 
foetus  (fig.  47,  c),  called  ‘ cere- 
bellum,’ and  of  a transverse 
commissure  of  that  body,  called  >idc  new. 

‘ tuber  annulare  ’ or  ‘ pons  varolii,’  p ; the  three  parts,  so  named  in 
anthropotomy,  are  subordinate 
elements  of  oncand  the  same  pri- 
mary division  of  the  encephalon.  ‘ 

The  next  division  includes 
the  parts  of  the  myelencephalic 
columns  which  support,  and 
from  which  are  developed,  the 
optic  lobes,  o : it  is  the  ‘ mesen- 
cephalon,’ figs.  45,46  and  47, o. 

With  the  columnar  elements 
are  the  parts  called  the  ‘ fillet,’  >t  four  montiio,  ndo  new. 

and ' processus  a cerebello  ad  testes  ’ in  anthropotomy,  including  the 
‘third  ventricle  ’ and  its  prolongations  into  the  vascular  appendages 


' The  leTcraiice  of  the  ‘ ponsi,’  and  raising  it,  in  association  with  parts  of  another 
segment,  to  the  rank  of  a distinct  primarj  division  as  * mesocephalon,’  and  the  sever- 
ance of  the  ‘ medulla  oblongata'  from  the  cerebellum,  as  a co-equal  division,  called 
‘ metencephalon,’  indicate  the  warping  of  the  judgment  through  hahitiinl  contem- 
plation of  the  characteristically  modified  and  developed  parts  of  the  human  brain. 
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called  ‘ pineal  ’ and  ‘ pituitary  ’ h,  glands : a second  pair  of  gangli- 
onic masses  are  developed  in  Mammalia  behind  the  optic  lobes,  o, 
and  received  from  the  old  anthropotomists  the  name  of  ‘ testes,’ 
the  more  constant  and  important  pair  being  the  ‘ nates,’  and  the 
whole,  from  their  arrested  condition  in  Man,  forming  the  ‘ corpora 
‘ quadrigemina  ’ or  ‘ bigemina.’ 

The  third  primary  division  of  the  brain  includes  the  ‘ crura 
cerebri  ’ with  the  reinforcing  or  recruiting  ganglions  called 
‘ thalami  optici  ’ and  ‘ corpora  striata,’  and  the  superincumbent 
masses  culled  ‘ cerebral  hemispheres : ’ it  is  the  ‘ prosencephalon,’ 
figs.  46  and  47,  P. 

The  foremost  primary  division  of  the  brain  includes  the  anterior 
termination  of  the  columnar  tracts,  called  ‘ crura  rhinencephali,’ 
and  the  appended  vesicular  mass,  called  ‘ olfactory  lobe  ; ’ it  is  the 
‘ riiinenccphalon,’  ib.  R.  The  nature  and  value  of  this  division 
are  masked,  in  Man,  by  the  arrest  of  its  developemeut  and  the 
contrast  of  the  excessive  expansion  of  the  vesicular  part  of  the 
antecedent  division.  Accordingly  the  ‘ crura  rhinencephali  ’ are 
termed  ‘ olfactory  nerve  ’ with  its  ‘ roots,’  and  the  primary  vesicle 
is  the  ‘ bulb  of  the  olfactory  nerve,’  of  anthropotomy. 

Each  primary  encephalic  division  has  its  cavity  or  cavities 
called  ‘ ventricles.’  The  epence])halic  prolongation  of  the  mye- 
lonal  canal  is  the  ‘ fourth  ventricle :’  its  continuation  into  the 
])rimary  vesicle  is  the  ‘ cerebellar  ventricle :’  it  is  persistent  in 
fishes  (vol.  i.  p.  275,  fig.  178,  c),  reptiles  (ib.  p.  295,  fig.  19.3), 
and  birds  (vol.  ii.  p.  120,  fig,  45),  hut  is  obliterated  in  Mammals 
where  the  cerebellum  is  solid.  The  ‘ myelonal  canal  ’ passes  for- 
ward as  the  ‘ third  ventricle,’  and  ‘ iter  ’ or  communicating  canal 
between  that  and  the  ‘ fourth.’  Its  continuation  into  the  optic 
lobes,  retained  in  oviparous  Vertebrates  (vol.  i.  p.  278,  fig.  182, 
h,  b,  p.  279,  fig.  183,  d,  p.  295,  fig.  193,  3,  vol.  ii.  p.  120,  fig.  45, 
o,)  is  obliterated  by  growth  of  neurine  in  Mammals ; as  is  also  its 
ascending  canal  to  the  ‘ pineal  appendage ; ’ the  descending  one 
to  the  ‘ hyix)physi8  ’ is  retained  as  the  ‘ infundibulum.’ 

Each  cerebral  hemisphere  begins  in  Mammals,  as  in  lower 
Vertebrates,  as  a bladder  with  a thin  wall  of  brain-substance,  the 
cavity  including,  potentially,  all  the  anthropotomical  ‘ horns,’  ‘ fore,’ 
‘ aft,’  and  ‘under,’  of  the  ‘lateral  ventricle,’  which  are  subsequentlv 
meted  out  by  endogenous  growths  of  grey  and  white  neurine,  in 
size  and  shape  according  to  the  group  or  genus. 

In  most  Mammals  which  derive  so  inqwrtant  a share  of  their 
ideas  through  the  olfactory  sense,  the  ‘ lateral  ventricle  ’ is  con- 


Digitized  by  Coogle 


MACROMYELON  OF  MAMMALIA. 


81 


tiiiued  into  the  ‘ rhinencephalon,’  as  shown  in  fig.  46,  d.  Ho 
that  all  the  essential  parts  of  a primary  encephalic  division,  viz. 
the  columnar  as  ‘ crus  rhinencephali,’  the  suj)erimposed  mass,  and 
the  cavity  exemplifying  the  nature  of  the  olfactory  bulb  as  a 
‘ primary  vesicle  ’ of  the  brain,  are  present, 

§ 205.  Macromyelon. — The  epencephalon  consists  of  the  ma- 
cromyelon  and  cerebellum.  The  term  ‘ macromyelon  ’ is  not 
exactly  the  equivalent  of  the  ‘ medulla  oblongata  ’ of  anthropo- 
tomy,  the  authorities  in  that  department  of  anatomy  having  ap- 
plied the  phrase  in  different  senses.  AVith  AYillis,'  it  included  the 
part  of  the  brain  beneath  the  cerebellum  and  cerebral  hemispheres, 
‘ all  that  substance,’  e.g.,  which  reaches  from  the  cavity  of  the 
callous  body  and  conjuncture  in  the  basis  of  the  head  to  the  hole 
at  the  hinder  part  where  the  same  substance,  being  further  con- 
tinued, ends  in  the  ‘ spinal  marrow.’  With  Vieussens,’  the  ‘ oblong 
marrow  ’ included  the  otdumns  of  the  neural  axis  between  the 
‘ spinal  marrow  ’ and  the  ‘ cerebral  hemispheres,’  with  the  ‘ crura 
cerebri  ’ and  their  ganglionic  enlargements,  called  ‘ optic  thalami,’ 
and  ‘ corpora  striata.’  Winslow  ’ defines  the  ‘ medulla  oblongata  ’ 
as  the  medullary  basis  common  to  both  cerebrum  and  cerebellum. 
Haller^  restricts  the  ‘medulla  oblongata’  to  the  intracranial 
inyelonal  columns,  ns  far  as  the  ‘ pons  varolii.’  Rolando*  prefers 
the  older  ^dew  of  its  e.xtent.  Chaussier,*  again,  distinguishes 
the  portions  of  the  intracranial  columns  crossed  by  the  transverse 
commissural  fibres  of  the  cerebellum  as  a primary  division  of  the 
brain,  under  the  name  ‘ mesocephale ; ’ and  this  term  has  been 
extended  by  Tinld’  to  include  the  ‘ coq>ora  quadrigemina  ’ wth 
the  ‘ processus  cerebelli  ad  testes,’  and  part  of  the  floor  of  the 
fourth  ventricle. 

But  the  developement  of  the  human  brain  and  its  several  stages, 
represented  by  the  conditions  at  which  it  is  arrested  in  lower 
vertebrates,  show  that  the  transverse  commissural  fibres  which 
cross  or  decussate  with  the  intracranial  myelonal  columns,  whether 
under  the  name  of  ‘pons,’  or  ‘trapezoid  bodies,’  or  ‘arciform 
fibres,’  are  subordinate  adjuncts  to  other  parts,  chiefly  the  cere- 
bellum ; while  the  distinct  and  superimposed  masses  called  ‘ cor- 
[K»ra  quadrigemina  ’ include  the  true  correlatives  of  the  cerebrum 
and  cerebellum,  as  primary  vesicles  of  the  brain. 

By  ‘ macromyelon,’  therefore,  I signify  the  intracranial  prolon- 
gations of  the  myelonal  columns  as  far  forward  as  their  emergence 
from  the  ‘ |)ons,’  or  cerebellar  commissure : in  this  tract  they  are 
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reinforced  by  masses  of  grey  neurine,  and  the  transverse  commis- 
sural fibres  are  so  intermixed  with  the  longitudinal  ones  as  to 
compel  their  being  combined  in  description  as  in  delineation, 
figs.  48,  56.  But,  before  quitting  the  Mammalian  class,  the 
reduction  of  the  ‘ pons,’  concomitantly  with  that  of  the  side-lobes 
of  the  cerebellum,  as  in  figs.  51  and  53,  is  such  as  significantly 
to  testify  against  its  title  to  be  regarded  as  a primary  dirision  of 
the  brain ; and  in  birds  a ‘ tuber  annulare  ’ or  ‘ pons  varolii,’ 
ceases  to  appear  upon  the  under  surface  of  the  myelencephalous 
tract  above  defined.  From  this  tract  the  cerebral  nerves,  from 
the  fifth  to  the  hypoglossal  or  ninth  inclusive,  arise. 

In  advancing  to  the  formation  of  the  macromyelon  growing 

central  tracts  of  the  myelonal 
columns  come  to  the  peri- 
phery, and  push  aside  the  medial 
tracts  on  both  the  ventral  and 
dorsal  surfaces.  On  the  former, 
fig.  48,  they  decussate,  as  they 
appear,  at  d,  and,  with  a con- 
tiguous portion  of  the  anterior 
myelonal  columns,  b,  expand 
to  form  the  ‘ prepyramidal 
bodies,’  p.  The  rest  of  the 
anterior  columns,  5,  with  the 
contiguous  antero-lateral  co- 
lumn, in  their  course  along  the 
macromyelon,  are  associated 
with  a mass  of  grey  matter  oc- 
casioning a swelling  out  of  the 
surface,  called  the  ‘ olivary 
bodies,’  ib.  o.  A thin  layer  of 
superficial  fibres  which,  in  lower  Mammals  with  non-prominent 
‘ olives  ’ pass  outward,  as  a ‘ trapezoid  layer,’  in  Man  curve  round 
the  exterior  of  the  olivary  prominences,  and  constitute  the  ‘ arei- 


l(Mroiii7«loo,  anterior  or  ▼entnl  aapcei. 
Man,  nat.  atia. 


form  fibres,’  ib,  A. 

The  transverse  fibres  defining  anteriorly  the  ‘ prepyramids  ’ 
and  ‘ olives  ’ increase  in  mass,  from  the  lowest  Mammals  ( Orni- 
thorhynchus,  fig.  51,  c,  Didelphtjs,  fig.  53,  b),  to  Man,  fig.  48,  a. 
As  they  arch  over  the  fore  part  of  those  macromyelonal  tracts 
they  have  been  called  ‘ pons ;’  but  their  true  position  is  that  of  an 
inverted  or  suspended  bridge  : their  developement  is  in  the  ratio 
of  that  of  the  side-lobes  of  the  cerebellum. 

On  the  posterior  or  dorsal  surface  of  the  myelon  the  deep- 
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seated  tracts  become  superficial  at  a greater  distance  from  the 
skull  than  on  the  ventral  surface,  and  do  not  decussate ; they  ex- 
pand as  they  enter  the  macromyelon,  and  form  the  ‘ post-pyra- 
midal bodies,’  fig.  49,  Y. 

The  posterior  myelonal 
columns  which  they 
push  aside,  diverge  as 
they  are  continued  into 
the  macromyelon,  and 
combine  with  the  con- 
tiguous lateral  columns 
to  form  tlie  post-resti- 
form  tracts,  X.  In  ad- 
vance of  the  post- 
pyramids, still  deeper 
columns  of  the  myclon 
come  into  view,  as  the 
‘ terctial  tracts,’  ib.  a,  f,  bounding  the  sides  of  the  fissure,  called 
‘ calamus  scriptorius,’  at  the  floor  of  the  expanded  macro- 
myelonal  canal  called  ‘fourth  ventricle.’  This  is  over-arched 
by  the  cerebellum,  here  bisected,  and  one  half  reflected  at  H ; the 
peduncle  or  ‘ crus  ’ of  the  opposite  half  being  shown  at  u.  The 
thin  layer  roofing  the  ventricle  anterior  to  the  crus  is  called 
‘ valve  of  Vieussens,’  b. 

Sections  of  the  macromyelon,  as  at  fig.  50,  show  the  form  of 
the  grey  matter, called  ‘corpus  dentatum,’of  the 
olives,  o o,  and  the  relative  {>oeition  of  the  en- 
larging columns.  Those  on  each  side  the  fissure 
A,  are  the  prepyramids ; those  on  each  side  the 
fissure  P,  are  the  post-pyramids ; the  lateral 
or  restiform  tracts  intervene  between  them  and 
the  olivary  tracts,  o. 

In  the  Monotremes  the  macromyelon  is  large 
in  proportion  to  the  rest  of  the  brain,  but  the 
‘ pons’  bears  relation  to  the  cerebellum  in  its 
snudlness.  The  prepyramids,  figs.  51  and  52, 
a,  are  long,  narrow,  flat,  and  contract  as  they 
approach  the  pons,  especially  in  the  Omitho- 
rhynchus;  the  olives,  fig.  51,  a,  fig.  52,  b,  are 
also  long  and  flat,  but  expand  as  they  approach  the  pons,  and 
are  crossed,  before  reaching  it,  by  the  ‘ trapezoid  ’ homologues 
of  the  ‘ arciform  ’ fibres  in  Man.  The  distinction  between  the 
olivary  and  pre-restiform  tracts  is  less  marked.  The  grey  matter 
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is  small  in  the  olivary  tracts,  and  does  not  form  a ‘ corpus  denta- 
tum.’  The  pons  is  flat,  it  forms  a narrow  transverse  band  in  the 


ft  I 
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Ornithorhynchus,  fig.  51,  c ; these  fibres  cover  a greater  antero- 
jKJstcrior  extent  of  the  macromyelon  in  the  Echidna,  and  give 
the  {>ons  a triangular  form. 

In  the  Opossum  the  pons,  fig.  53,  b,  is  reduced  almost  to  the 
proportions  of  that  in  the  Omithorhynchus  ; 
the  prepyramidal,  d,  and  olivary  tracts  are 
similar,  and  the  latter  are  crossed  by  as  well- 
marked  a trapezoid  arrangement  of  trans- 
verse fibres,  c. 

The  prepyramidal  tracts  come  to  the  sur- 
face at  a greater  distance  from  the  pons,  in 
must  Mammals,  than  in  Man,  and  thus 
resemble  more  the  postpyramidal  tracts ; 
this  character  is  shown  in  the  Horse,  fig. 
54,  Dolphin,  fig.  60,  b,  and  Baboon,  fig.  62. 
In  the  anthropoid  Apes,  the  proportions  of 
the  prepyramids  (fig.  112,  Orang)  approach 
those  in  Man,  and  the  arciform  disposition 
of  the  sii])erficial  layer  of  crossing  fibres  begins  to  prevail,  and 
to  allow  the  olives,  which  are  likewise  here  more  prominent, 
to  come  into  view.  Although  the  olives  are  less  prominent 
ill  Dclphiuus^  than  in  the  Apes,  they  are  equally  uncovered 
by  the  trapezoid  fibres : and  show  internally  the  arrangement 


53 


Bftfe  of  biAln,  Didclpbr*. 


Digitized  by  Google 


MACKOMYELON  OF  MAMMAMA. 


85 


B**e  vf  Ibe  Brain.  Horae 


PoetpoDUl  part  ot  MarromjreloB. 
anterior  or  Tmtral  aapert. 
Man.  xxxiir*. 


of  grey  matter  called  ‘ coq)us  dentatum.’  The  jwns,  fig.  60,  c, 
by  its  prominence  and  antero-posterior  extent,  corresjwnds  with 
the  great  lateral  develoj)ement  of  the  cerebellum,  e. 

When  the  prcpyrainids,  fig.  55,  />,  are  divaricated  in  the 

hiiinan  macromyelon,  the 
median  fissure,  which  is 
wider  and  shallower  than 


that,  c,  below  the  decussation,  shows  the  same  crihriform  cha- 
racter of  its  ‘ floor,’  formed  by  the  penetrating  vessels  from 
the  fold  of  pia  mater  which  lined  it  A further  extent  of 
divarication  shows  transverse  fibres  uniting  the  halves  of  thLs  part 
of  the  macromyelon,  and  decussating  with  longitudinal  fibres,  as 
in  fig.  56.  The  section  of  the  prepyramid  on  each  side  of  a,  fig. 
57,  shows  its  triangular  figure  and  the  restriction  of  grey  matter 
to  the  ‘ nuclei,’  r,  s ; they  are  mainly  composed  of  white  longi- 
tudinal fibres  which  enter  the  pons  above  its  lower  or  peripheral 
transverse  fibres,  and  interlace  with  the  fibres  of  a higher  plane : 
at  the  entry  each  pyramid  is  constricted,  as  at  fig.  56,  p,  but  soon 
expands.  The  pro|K)rtion  of  the  decussating  and  non-decussating 
tracts  of  the  prcpyramidal  columns  is  shown  in  fig.  56,  where 
is  |«rt  of  the  right  prepyramid  cut  across  near  the  pons  and 
reflecteil  to  show  the  decussating  fasciculus,  rf,  and  the  non-deeus- 
sating  fasciculus,  n,  continued  through  the  (>ous,  r:  the  decus- 
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sating  fasciculus  of  the  left  prepyramid  is  shown  at  rf".  The 
fibres  of  the  outer  white  neurine  of  the  olives  are  longitudinal, 
and  are  continued  forward  above  the  pons,  as  shown  at  f,  fig.  66. 

The  nucleus  of  grey  matter  sinks 
deep  into  the  macromyelon,  as  shown 
in  the  sections, figs.  50,<?  and  51,  g\  its 
section  in  any  direction  presents  the 
undulated  course  of  the  white  capsule 
suggesting  the  anthropotomical  term 
‘ corpus  dentatum.’ 

The  lateral  or  restiform  columns, 
diverging,  as  in  fig.  49,  x,  are  mainly 
continued  into  the  cerebellum,  of 
which  they  form  the  hinder  or  ‘ in- 
ferior peduncle,’  fig.  66,  r.  Recruit- 
ing  grey  neurine  is  developed  in 
their  interior.  The  [>ost-pyramidal 
columns,  contracting  as  they  diverge 
and  ascend,  are  closely  applied  to  the 
restiform  tracts,  but  are  continued,  as 
the  ‘ fasciculi  graciles,’  into  the  crura 
cerebri. 

Stilling ' has  enriched  anatomy 
with  the  following  magnified  view 
'of  a transverse  section  of  the  macromyelon,  one  half  of  which 
shows  the  structures  as  seen  by  transmitted  light,  fig.  57.  The 
anterior  or  ventral  fissure,  a,  is  here  seen  to  be  much  deeper  than 
the  opposite  one,  b,  represented  by  the  ‘ calamus  scriptorius.’ 
The  septum  or  raphe,  c,  of  the  lateral  moieties  is  a compact  white 
neurine;  d,  e,  are  the  prepyranjidal  columns,  of  which  r is  the 
large  nucleus,  s s the  smaller  nuclei;  the  roots  of  the  hypo- 
glossal nerve,  /,  run  along  the  interspace  between  the  pyramids 
and  olives.  Of  the  latter  the  nucleus  is  shown  at  g,  with  its 
plicated  ca|>sule  of  white  neurine  ; a small  mass  of  grey  substance 
is  situated  near  the  olivary  one  at  i/ ; x indicates  grey  matter  and 
I gelatinous  matter,  near  the  roots  of  the  vagal  nerves,  k k.  The 
nucleus  of  the  vagus  is  A,  with  the  root  of  which  nerve  is  also 
connected  the  white  longitudinal  fibres,  m.  Whether  g be  ex- 
clusively related  to  the  hypoglossal,  or  is  the  place  of  origin  (part 
of  the  larger  root)  of  the  trigeminal,  is  undetermined ; n is  the 
‘ soft  column,’  o the  wedge-like  column ; f is  the  nucleus  of  the 
restiform  body.  The  transverse  or  arciform  fibres  covering  this 
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lateral  column  are  marked  p,  those  continued  over  the  olives,  ir, 
and  those  over  the  prepyramids,  v ; they  lorm  the  trapezium  in 
lower  Mammals. 

The  nucleus  in  the  trapezium,  on  each  side  of  the  raphe,  so 
closely  resembles,  at  a higher  section,  the  olivary  body,  that  it  has 
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Tran>trr»«  •rctlou  o(  ibe  macroni)clntj  tbn»ufb  the  lower  (bird  of  ibe  oilvarr  bodira. 
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been  termed  the  ‘ upper  olive  ’ ; it  makes  its  appearance  near 
where  the  lower  olives  first  diminish  in  size.  In  the  Sheep  it 
ap|>ear8  as  a group  of  large  stellate  multipolar  cells,  and  these 
cells  are  more  numerous  in  the  Rodents,  and  still  more  so  in  the 
C’at.  In  the  Rabbit  the  upper  olivary  body  is  convoluted  in  three 
or  four  turns ; in  the  Mouse  it  consists  of  a wavy  mass  of  large 
and  numerous  cells  ; its  structure  is  especially  distinct  in  the  Cat, 
The  ‘ post-pyramidal  ’ and  ‘ restiform  ’ nuclei  are  present  in 
all  Mammals.  The  olivary  bodies  consist  of  layers  of  small  cells 
j>enetrated  by  the  arciform  filaments,  by  which  they  are  connected 
with  each  other  and  with  the  raphe ; they  arc  not  absent  in  the 
Sheep.  The  transverse  section  of  the  human  medulla  oblongata 
in  the  region  of  the  first  cervical  nerve  is  more  circular,  less 
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elli|)tical,  tliau  iu  the  Sheep  and  most  lower  Mammals.  The 
restiibrm  and  postpyrainidal  nuelei  are  relatively  larger,  but  the 
Qitudrumana  and  Carnivora  a])proach  the  human  strueture  in  this 
particular;  the  Cat,  e.g.,  shows  an  intermediate  condition  be- 
tween those  in  Ruminantia  and  Bimana.' 

In  comparing  the  raacromyelon  of  the  Mammal  (fig.  50)  and 
Fish  (vol.  i.  fig.  172)  the  usual  course  of  structural  differentiation 
seems  to  be  reversed  ; a greater  number  of  longitudinal  tracts  are 
definable  in  that  of  the  Sturgeon  or  Shark  than  in  that  of  Man. 
Hut  the  superior  character  is  more  seeming  than  real ; the  super- 
addition of  ascending  fibres  in  the  higher  Vertebrate  tends  to 
obliterate  the  boundary  lines  and  seems  to  blend  tracts — the 
‘funicular’  and  post^pyramidal,  e.g.  in  the  Mammal,  which  are 
distinguishable  in  the  Fish. 

§ 206.  Cerebellum.  — The  posterior  and  restiform  columns, 
pushed  aside  by  the  postpyrainidal  and  teretial  tracts  in  aj>- 
proaebing  the  macromyelon,  diverge  and  expand  into  a fibrous 
stem,  which,  arching  over  the  fourth  ventricle,  developes  the 
central  transversely  folded  lobe,  answering  to  the  cerebellum  of  the 
Shark  (vol.  i.  fig.  187,  c)  and  Bird,  and  expands  into  lateral  lobes 
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Vertiral  section  of  ihc  medito  lobe  of  CcrrbcUusa  and  Macrou) f Ion . 

characteristic  of  the  Mammalian  class.  The  myelonal  tracts,  which 
in  describing  the  brain  from  behind  forward  may  be  said  to  enter 
into  the  formation  of  tlie  cerebellum,  fig.  66,  r,  leave  it,  after 
some  expenditure  and  exchange  of  substance,  as  ‘ departing  ’ 

' The  progreM  of  chemistry  hn>  lent  new  and  valuable  aids  to  the  unravelling  of 
the  minute,  but  physiologically  moat  interuting,  structures  of  the  myelon  and  mnero- 
myelon.  A solution  of  chromic  acid  is  one  of  the  best  for  preliminary  immersion  of 
slices  of  their  tissues  for  a few  weeks ; these,  if  afterwards  put  into  alcohol,  are 
hardened,  but  become  less  brittle  than  if  kept  longer  in  the  acid. 
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restilbrm  tracts,  ib,  t,  continued  into  the  basis  of  tbe  mesence- 
phalon, forming  also  those  called  ‘ processus  cerebelli  ad  testes,’ 
united  above  by  the  thin  layer  of  medullary  matter  called  ‘ valve 
of  Vieussens,’  fig.  49,  n.  The  progressive  increase  of  the  lateral 
lobes  is  attended  by  corresjmnding  developement  of  the  system  of 
transverse  or  arciform  fibres  constituting  the  ‘ ])ons  varolii,’  which, 
entering  the  cerebellum  at  the  ‘ infero-lateral  ’ or  ‘ semilunar 
fissure,’  fig.  64,  A,  /,  interblend  with  the  longitudinal  ‘entering’ 
and  ‘departing’  columns,  and  constitute  the  commissural  part  of 
these  lobes. 

In  Anthropotomy  the  part  where  the  formative  and  commissural 
tracts  join  on  entering  the  cerebellum  are  collectively  called  its 
‘ crus,’  the  tracts  being  its  constituent  ‘ pe<luncles ; ’ thus  the  enter- 
ing or  posterior  and  restiforra  tracts,  which  are  the  ‘ homotypes  ’ 
of  the  ‘ crura  cerebri,’  are  termed  the  ‘ inferior  or  posterior 
peduncles.’  or  ‘ processus  ad  medullam  oblongatain,’  fig.  66,  r ; the 
emerging  restiform  tracts,  called  ‘ processus  ad  cerebrum,’  and 
‘ pr<x;e8sus  ad  testes,’  are  the  ‘ superior  or  anterior  pe<luncles,’  ib. 
t ; whilst  the  entering  fasciculi  of  the  ‘ |>ontal  or  varolian  com- 
missure’ are  the  ‘middle  peduncles’  or  ‘processus  ad  [wntem,’ 
fig.  64,  i. 

These  latter  are  porportionally  least  in  the  lowest,  and  large.st 
in  the  highest,  species  of  Mammals.  In  all,  the  formative  columns 
on  entering  the  white  axis  receive  grey  or  ‘ recruiting  ’ matter  for 
the  devclof>ement  of  accessory  fibres,  relating  in  size  and  com- 
plexity to  the  increase  of  the  cerebellum,  and  chiefly  of  its  lateral 
lobes.  In  the  Monotremes,  figs.  51  and  52,  the  ‘ ]K>ntal  ’ or 
cerebellar  commissure  is  a thin  layer  of  transverse  fibres  of  small 
antero-posterlor  extent ; the  true  character  of  the  real  ‘ crura 
cerebelli,’  or  formative  fasciculi,  is  here  well  exemplified.  The 
cerebellum,  fig.  38,  b {Echidna),  consists  mainly  of  the  median 
lobe,  which  being  transversely  foldctl  jiresents  in  vertical  sec- 
tion that  arrangement  of  grey  and  white  matter  called  ‘ arbor 
vita;.’ 

In  the  Marsupial  Order,  the  cerebellum  presents  close-set,  sub- 
parallel, transverse  convolutions ; few  in  the  climbing  Koalas  and 
Opossums,  fig.  46,  c,  more  numerous  in  the  locomotive  Kanga- 
roos : it  is  remarkable,  as  in  Monotremes,  for  the  large  propor- 
tional size  of  the  median  or  vermiform  lobe  as  compared  with  the 
lateral  lobes,  especially  in  the  carnivorous  and  insectivorous 
Marsupials,  where  this  condition  is  associated  with  a corres[>onding 
diminution  of  their  commissural  band  as  shown  in  the  view  of  the 
base  of  the  brain  of  an  Oiwssum,  fig.  53,  b.  In  the  Kangaroos, 
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Peramelcs,  Phalan^ers,  and  Koala,  the  hemispheres  or  lateral 
lobes  of  the  cerebellum  are  characterised  by  a small  subspherical 
lateral  process  or  appendage,  c,  c,  fig.  74,  which  is  lodged  in  a 
peculiar  fossa  of  the  petrosal  above  the  internal  meatus : there 
are  corresponding  but  less  produced  processes  in  the  Dasyures  and 
Opossums,  they  do  not  project  in  the  Wombat.  On  the  upper 
surface  of  the  cerebellum  the  medullary  substance  or  nucleus 
appears  superficially  at  a small  tract  on  each  side  the  vermiform 
process,  marked  with  an  asterisk  in  figures  74  and  75.*  The 
simple  disposition  of  the  arbor  vit®  is  shown  in  fig.  46,  e. 

In  the  Lissencephala,  the  cerebellum  in  the  Irurctivora,  fig.  76, 
and  Cheiroptera,  resembles  that  of  the  Opossums;  in  the  Rodentia 
the  lateral  lobes,  fig.  59,  d,  show  a greater  increase,  which  is  most 
marked  in  the  swift  running  Hares,  fig.  81 , /,  /.  As  this  develope- 
ment  is  not  accompanied  with  a concomitant  growth  of  the  cere- 
brum, the  cerebellum  is  proportionally  greater  to  the  rest  of  the 
brain  in  Rodents  than  in  other  mammalian  orders. 

The  Cetacean  brain  is  remarkable  for  the  large  propor- 
tional size  of  the  cerebellum,  fig.  60,  and  especially  of  its  lateral 
lobes,  c.  On  the  under  surface  may  be  distinguished  the  main 
part  of  the  lateral  lobe,  e,  the  oblique  lobule,/,  that  which  answers 

to  the  ‘ amygdaloid  lobe  ’ and  the 
‘ floccus  ’ of  Reil,  h.  Each  is  sub- 
divided by  the  chiefly  transverse 
aiifractuosities  into  numerous  la- 
mell®.  The  middle  lobe,  fig.  93,  a, 
is  not  symmetrical  but  inclined, 
like  the  skull,  to  one  side,  in  Del- 
phinus.  The  grey  nucleus  or  ‘ cor- 
pus fimbriatum  ’ is  well  developed. 
The  ‘ pons,’  fig.  60,  c,  is  now  large 
and  prominent. 

In  the  Ungulata,  the  relative  size 
of  the  lateral  lobes  increases  with 
the  bulk  of  the  species,  and  attains 
its  maximum  in  the  Elephant;  in 
the  Rhinoceros,  Giraffe,  fig.  86,  Ox, 
and  Horse,  fig.  61,  the  middle  lobe 
is  contorted,  especially  above.  The 
common  castration  of  the  latter 
quadruped  has  afforded  abundant  evidence  that  the  cerebellum  is 
in  no  degree  affected  thereby  in  size  or  form.’ 

' LXI-.  pi.  T,  fig«.  3 and  4.  ’ xu". 
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In  Carnivora  the  sma’lcst  species  (fig.  89,  Stoat)  have  the 
smallest  lateral  lobes  in  proportion  to  the  middle  one. 

fo  In  the  Quadru- 

mana  the  middle 
lobe  is  proportion- 
ally  largest  in 
the  Lemuridce  and 
sma  Her  Platy- 
rhines.  The  ap- 
]>endicular  lobule 
is  present  in  the 
Aye-aye‘  and 
other  LemuridcB, 
and  is  lotlgcd  in  a 
special  pit  of  the 
|>etrosal.  In  the 
larger  Catarhines 
the  lateral  lobes 
increase  in  size, 
appendix ; they  show  the  lobular 
on  the  under  surface,  fig.  62,  as 
in  Cetacea,  and  in  Man. 
The  ‘ flocculus,’  fig.  64,  n,  to 
which  the  origin  of  the 
acoustic  nerve  can  be  traced, 
is  present  in  all  Quadru- 
mana,  and  is  well  marked  in 


Bajw*  of  the  Deipblniu  Delphli. 


and  lose,  or  incorporate,  the 
groups  of  lamella;,  especially 


Bralo  of  the  Horse. 


fUec  of  brmln  Beltoon. 


• Cir.  p.  58,  fig.  3,  3. 
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series,  to  the  semblance  of  a subordinate  adjunct,  called  ‘ vermiform 
process,’  ib.  I’,  in  Anthropotomy. 

The  characteristic  form  of  the  human  cerebellum  is  manifested, 
according  to  the  developmental  law  (‘  Preface,’  vol.  i.  p.  xxi. ) 
before  its  surface  becomes  convoluted,  and  when  the  large 
hemispheres  are  represented  by  smooth  vesicles  of  neurine,  fig. 
47,  c,  c.  It  resembles  the  cerebellum  of  the  bony  fish  and  frog 
in  the  smoothness  of  the  surface,  but  has  assununl  in  the  fa'tus  at 
four  months  the  recognisable  spwnfic  form.  The  cerebellum  is, 
in  fact,  more  unique  and  definitely  human  at  the  embryonic 
period  than  when  fully  develoj>ed  ; it  then  weighs,  or  averages, 
.5  oz.  4 dr.  in  the  male,  and  4 oz.  12  dr.  in  the  female.’ 

When  the  under  surface  is  ex|K>.sed  by  removing  or  reflecting 
the  macromyelon,  as  in  fig.  6.’$,  the  middle  hd)e,  r,  is  seen  at  the 
Ikuttom  of  a valley  (vallecuhi,  Haller,  v)  dividing  the  hemisj)heres, 

' cir.  • »i".  and  zi.ix".  p.  4 (1861). 


the  timid  and  sharjs-eared  nocturnal  Aye-aye,  being  a.s.s(X'iate<l 
with  large  external  ears  and  a well  developed  auditory  organ.' 

In  Man  the  lateral  lobes  of  the  cerebellum  acquire  their  larg(*st 
proportions,  are  ealknl  ‘ heinisj)heres,’  fig.  63,  c,  and  reduce  the 
middle  lube,  which  is  the  most  constant  |>art  in  the  vertebrate 
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the  convexities  of  which  rest  in  the  occipital  fossae.  This  surface 
of  the  middle  lobe  (‘  inferior  vermiform  process,’  Anthropotomy) 
is  transversely  folded  or  ‘ ringed.’  The  broader  and  more  promi- 
nent folds  form  the  ‘ pyramid,’  ib.  p ; the  succeetling  narrower 
folds,  the  ‘ uvule,’  ib.  n.  The  extremity  of  the  venniform  process 
which  projects  into  and  closes  the  fourth  ventricle,  inferiorly,  is 
the  ‘ nodule.’  On  the  inferior  surface  of  the  ‘ hemispheres  ’ An- 
thropotomists  define,  with  Reil,'  ‘ biventral,’  fig.  63,  i,  ‘ slender,’  ib. 
c,  and  ‘ jH)8t-inferior  ’ lobes,  d.  The  smaller  group  of  folds  is  the 
‘amygdala,’  ih.  a ; the  still  smaller  group, y,  is  the  ‘flocculus.’ 
The  anterior  surface  of  the  cerebellum,  seen  in  connection  with 

64 
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Antcru-iiiferlur  view  of  ppi'ucvptiwlon,  Mtu.  xxr". 


the  macromyelon,  ns  in  fig.  64,  shows  the  ‘ semilunar  fissure,’  h, 
penetrated  by  the  formative  and  commissural  columns,  i : the  rela- 
tive |x>sition  of  the  ‘ flocculus,’  n,  is  here  best  shown ; the  macro- 
myelon passes  into  myelon  at  m.  On  the  upper  surface  of  the 
cerebellum,  fig.  65,  its  most  prominent  part  is  that  of  the  middle 
lobe,  called  ‘ superior  vermiform  process,’  v:  the  hemispheres  are 
almost  flat : they  are  here  subdivided  into  the  ‘ square  lobe,’  ib.  a, 
and  the  ‘ post-su])crior  lobe,’  P.  The  lateral  lobes  exceed  the 

' xi.n". 
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middle  lobe  in  antero-|>osterior  extent,  leaving  an  anterior  or 
‘ semilunar  ’ fissure,  and  a narrower  ‘ posterior  notch,’  ib,  n,  the 
groups  of  lamelhe  bounding  which  are  called,  by  some,  ‘ post- 
inferior lobes.’  The  hemispheres  are  commonly  but  not  constantly 
symmetrical ; both  these  and  the  middle  lobe  consist  of  numerous 
lamcllte,  of  white  coverwl  by  grey  neurine;  the  interlamellar 
fissures  are  penetrated  by  folds  of  ]>ia  mater.  The  lamellae  are 
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collected  into  groups,  forming  the  ‘ lobes  ’ of  the  hemispheres, 
which  are  divided  by  deeper  fissures.  The  lamella;  of  the  middle 
or  ‘ vermiform  ’ part  are  fewer,  and  more  transverse  or  vertical 
than  those  of  the  hemispheres  ; they  are  also  thicker,  single  ones 
answering  to,  and  connecting,  two  or  more  of  the  hemispheral 
lamellae,  fig.  65,  v. 

A vertical  section  of  either  hemisphere,  or  of  the  median  lobe, 
displays  a ramification  of  fibrous  matter,  the  smaller  or  ultimate 
branches  of  which  arc  enveloped  by  laminie  of  grey  matter.  This 
appearance  suggested  to  the  older  Anthroi>otomi8ts  the  name  of 
‘ arbor  vitae,’  which  it  retains.  The  trunk  of  the  tree  is  repre- 
sented by  a central  nucleus  of  white  matter,  fig.  66,  d,  from  the 
upper  and  lower  surfaces  of  which  branch  off,  some  at  a right. 
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others  at  an  acute  angle,  several  laminse,  each  of  which  forms 
the  stem  of  a number  of  other  branches.  Each  of  the  primary 
branches  is  the  foundation  or  central  stem  of  a lobule.  Laminoi 
of  fibrous  matter  are  seen  branching  from  both  sides  of  it  imme- 
diately after  its  separation  from  the  nucleus.  Sometimes  the 
primary  branch  bifurcates,  and  each  division  of  it  forms  the  stem 
of  what  may  be  called  a sub-lobule.  If  we  suppose  that  one  of 
the  primary  branches  is  composed  of  a certain  number  of  lamince 


Dlnaecdon  of  the  fonnatlre  columni  of  ili«  ep-,  met-  atul  prot-eocephtloa. 

of  fibrous  matter,  the  secondary  ramifications  from  it  will  in  a 
great  degree  correspond.  In  most  instances  these  secondary 
branches  subdivide  into  two  or  more  tertiary  ones,  which,  as  well 
as  the  branch  from  which  they  spring,  are  enclosed  in  grey  matter. 
A vertical  section  of  the  median  lobe,  fig.  58,  gives  a similar 
appearance  to  that  of  the  hemispheres,  fig.  66,  c.  The  central 
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miclciis  breaks  up  into  primary  branches,  wliicb  become  tlie 
centres  of  the  lobules  of  which  it  consists.  ’The  ramifications  of 
the  nucleus,  whether  of  the  median  lobe  or  of  the  hemispheres, 
pa.ss  from  it  only  in  the  vertical  plane  or  from  before  backwards ; 
in  the  latter  direction,  however,  to  a very  slight  extent.  The 
fibrous  matter  of  the  median  lobe  is  continuous  with  that  of  the 
hetnisphcric  lobules,  liy  reason  of  this  dLsposition  of  the  fibrous 
matter,  the  surface  exposed  by  a horizontal  section  through  the 
entire  cerebellum  consists  of  a plane  of  white  matter  bounded  on 
the  sides  and  behind  by  a narrow  cortex  of  grey  matter. 

‘ The  white  matter  consists  exclusively  of  fibres,  chiefly  of  the 
tubular  kind,  and  of  all  degrees  of  size.  These,  in  the  more 
distant  ramifications,  penetrate  the  vesicular  matter  of  their  grey 
cortex,  and  form  some  unknown  connection  with  its  elements. 
The  grey  matter  consists  of  three  layers,  readily  distinguishable 
by  tbe  nakeil  eye  from  their  difference  of  colour.  The  external 
layer  is  the  darkest,  and  consists  chiefly  of  granular  and  vesicular 
matter.  The  next  or  intermetliate  layer  is  of  a light  colour,  and 
is  composed  of  a stratum  of  fine  nucleus-likc  particles.  The 
third  layer  has  the  greatest  thickness,  and  is  immetliately  in  con- 
tact with  the  fibrous  matter  ; it  is  intermediate  in  point  of  colour 
to  the  other  two,  and  consists  of  numerous  vesicles  of  the  caudate 
kind,  esjiecially  with  branching  processes  and  nerve-tubes  of  all 
sizes.  The  dark  colour  of  the  external  layer  is  doubtless  owing 
in  a great  measure  to  the  great  numbers  of  capillary  vessels 
which  enter  it ; the  greater  paleness  of  the  inner  stratum  is  to  be 
attributed  to  the  intermixture  of  the  white  fibres,  whilst  the  light 
colour  of  the  middle  stratum  is  intrinsic.’’ 

The  lower  or  hinder  crus,  fig.  66,  r,  on  entering  the  cerebellum 
curves  backwanl,  expandiug  ou  tbe  outer  side  of  the  converging 
and  onwanlly  continue*!  fibres  which  constitute  the  upper  or 
‘ anterior  crus,’  t.  In  the  part  of  the  ‘ nucleus  ’ connected  with  the 
latter  is  developed  a plicated  capsule  of  grey  or  vesicular  matter, 
</,  also  exjH>sed  in  section  at  it,  fig.  49,  and  called  ‘ corpus  denta- 
tuin  ;’  it  supplies  accessory  white  fibres  to  those  diverging  from, 
or  converging  to,  the  crura ; with  these  are  interlace*!  the  com- 
missural fibres  of  the  |)ons. 

Thus  an  influence  ascending  from  the  myelon,  bv  the  resti- 
form  tracts,  fig.  66,  «,  r,  to  the  cerebellum,  may  be  propa- 
gatiMl  from  that  Ixaly,  by  the  crus,  t.  to  the  mesencephalon, 
and  thence  to  the  cerebrum.  Conversely,  cerebral  influence 
may  pass  through  the  mesencephalon  l>v  the  ‘ prtx-essus  and 

' xxrir  p.  r,9J. 
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testes,’  ib.  t,  fig.  66,  to  the  cerebellum,  and  thence  by  the  rcsti- 
form  tracts,  ib.  r,  to  the  myelon,  s : while  the  transverse 
fibres  of  the  pons,  ib.  v,  associate  all  the  parts  of  one  cerebellar 
hemisphere  in  action  with  the  other,  and  are  intimately  connected 
and  interlaced  with  the  longitudinal  fasciculi  fonning  the  crura 
cerebri. 

If  it  be  considered  that  the  maintenance  of  the  erect  position 
by  Man  demands  unusu.al  power  of  regulating  and  combining 
mijscular  movements,  whether  with  or  without  the  cognisance  of 
the  mind,  and  that  he  exercises  or  can  exercise  a greater  variety 
of  modes  of  locomotion  than  any  lower  animal,  flight  alone  being 
inexecutablc,  the  characteristic  size  and  complexity  of  the  human 
cerebellum  would  accord  with  such  view  of  its  functions ; and 
the  general  results  of  the  experiments  of  Flourens'  and  Majendie’ 
concur  with  the  inferences  which,  in  the  main,  may  be  drawn 
from  comparative  anatomy  (vol.  i.  p.  287). 

§ 207.  Mesencephalon. — Part  of  the  columnar  fibres  continued 
from  the  eiiencephalon  proceed  directly  to  the  prosencephalon, 
traversing  the  pons,  fig.  66,  p,  v.  The  olivary  tracts,  ib./,  proceed 
first  to  the  mesencephalon,  which  likewise  receives  the  crus,  t,  or 
continuation  of  the  restiform  tract,  r,  after  having  undergone 
cerebellar  developement  and  connections. 

The  mesencephalic  basis  is  traversed  by  a forward  continuation 
of  the  j)rimitive  myelonal  cavity — the  ‘ iter  a quarto  ad  tcrtiiun 
ventriculum’ — which  latter,  fig.  105,  i,  is  a vertical  expansion 
of  the  ‘ iter,’  extending  uj)ward  into  the  pedicle  of  the  conarium 
(‘ j)ineal  gland,’  ib.  _/),  and  downward  into  that  (‘  infundibulum’) 
of  the  hypophysis  (‘  pituitary  gland,’  ib.  v).  The  sides  of  this 
ventricular  fissure  are  partially  glued  together  by  grey  matter 
continuous  with  that  in  the  interior  of  the  ‘ thalami,’  and  called 
‘ soft  commissure  ’ in  front  of  b,  fig.  105. 

In  the  Monotremes  the  mesencephalic  crus  (‘  j)roce88us  a 
cerebello  ad  testes  ’),  receiving  a tract,  answering  to  the  ‘ fillet  ’ 
of  anthropotomy,  expands  into  the  optic  lobe  (‘  nates,’  ib.), 
forming  chiefly  its  exterior  white  layer : the  primitive  cavity 
of  this  vesicle  becomes  filled  with  grey  matter.  The  layer 
(‘valvula’)  uniting  the  two  crura  becomes  thickened  by  trans- 
verse white  fibres  behind  the  oj)tic  lobes,  and  these,  in  higher 
mammals,  swell  into  a second  pair  of  tubercles  (‘  testes,’  ib.), 
which  usually  exceed  the  ‘ nates  ’ in  breadth,  but  are  less  in 
length  ; they  now  form  the  ‘ corpora  bigemina,  or  quadrigemina  ’ 
of  anthropotomy.  The  above  difference  in  the  proportion  of  the 

* Lv".  and  i-xiT.  * Lvi". 
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two  pairs  is  exemplified  in  fig.  73,  b,  Didelphys,  and  fig.  75,  B, 
Phascolomyx,  in  the  Marsupial  order ; by  fig.  79,  Lepus,  and  fig.  80, 
8,9,  Cavia,  in  the  Rodentia-,  and  by  fig.  67,  Talpa,  in  the  Insecti- 
vora.  Both  Ly-  and  Liss-encephala  manifest  their  inferior  posi- 
tion in  the  present  class,  and  aflSnity  to  oviparous  Vertebrates,  by 
the  larger  proportion  of  the  mesencephalon  (fig.  46,  o)  to  the  pros- 
encephalon, than  in  Gyrencephala.  In  most  Marsupials  {Dasy- 
urus,  fig.  72  ; Didelphys,  fig.  73),  in  many  Rodents 
(fig.  81,  Lepus',  fig.  80,  Castor),  in  all  Insectivores 
(fig.  76,  Rhynchocyon),  and  in  Bats,  the  bigeminal 
bodies  are  more  or  less  exposed  between  the  cere- 
brum and  cerebellum.  As  in  Amblyopsis  (vol.  L. 

р.  278,  fig.  175),  so  in  Talpa,  the  optic  lobes,  fig.  67, 

с,  do  not  show  a reduction  of  bulk  commensurate 
with  that  of  the  visual  organ ; yet  there  is  a de- 
gree of  such  relationship  in  Mammals.  Thus  the 

Ungulates  which  have  large  eyes  have  the  optic  lobes  or  nates, 
fig.  68,  a,  proportionally  larger  than  they  are  in  a Carnivorous 
quadruped  with  a similar-sized  brain.  In  both  the  ‘ testes,’  ib.  b, 
are  broader,  but  in  Fells  they  also  rise  higher;  whilst  in  Un- 
gulates, and  especially  Ruminants,  the  ‘nates’  show  the  greater 
vertical  developement,'  In  all  Carnivores  the  ‘testes’  have  a 

minor  antero-posterior 
extent  than  the  ‘ nates.’ 
The  white  bands  or 
tracts  (‘  brachia  ’ in  an- 
thropotomy),  extending 
along  the  outer  sides 
of  the  bigeminal  bodies 


Bniiii  Ilf  Molo. 


HcHonrcpbalAn,  upper  view.  Horse. 


to  the  that  ami  and  com- 
mencement of  the  optic 
tracts,  fig.  68,  d,  arc 
prominent  in  the  higher 
Quadrumana  and  in 
Man.  In  most  Gyren- 
cephala the  white  fibres 
continued  from  the  optic  lobes  develope  an  oblong  nodule,  ib.  e, 
also  containing  grey  matter  (‘  corpus  geniculatum  ’ of  anthro- 
potomy),  which  in  the  human  brain  is  divided  into  an  external 
and  internal  portion. 

The  ‘ crura  cerebri  ’ formed  by  the  pre-  and  post-pyramidal 

’ This  difference  I exemplified  in  the  preparations,  nos.  1336  a and  I.H26  n.  xx. 
Tol.  iii.  p.  30. 
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and  ‘ teretlal  ’ tracts,  expand  in  passing  beneath  the  bigeminal 
IxKlies,  and  receive  accessions  from  grey  matter  continuous  with 
that  of  the  macromyelon,  but  so  dark  as  to  have  received  the 
name  ‘ locus  niger  ’ when  exposed  in  section.  They  are  divided 
by  the  third  ventricle,  and  swell  out  respectively  at  their  upper 
part,,  through  the  superaddition  of  formative  neurine,  into  the 
bodies  called  ‘ thalami  optici,’  fig.  68,  c,  figs.  71  and  75,  t.  The 
free  surface  is  white,  but  the  grey  matter  constitutes  their  chief 
bulk,  and  is  partially  divided  by  the  longitudinal  fibres  into  an 
outer  and  an  inner  jwrtion  : from  the  latter  the  soft  commissure 
is  continue<l.  The  optic  tracts,  fig.  68,  d,  commencing  at  the  optic 
lol)C8  and  geniculate  bodies,  bend  round  the  outer  and  back  ]>art 
of  tbe  ‘ thalami,’  from  which  they  derive  accessory  filaments  to  form 
the  optic  nerve.  In  connection  with  the  mesencephalon  must  be 
noted  the  tract  of  white  fibres  continued  from  the  fornix,  on  each 
side  the  third  ventricle  anterior  to  the  soft  commissure,  to  a 
nodule,  conspicuous  in  Gyrencephaln  behind  the  infundibulum, 
and  forming  a pair  (‘corpora  albicantia’  in  anthrojK)tomy  ) in  Apes, 
fig.  112,  and  Man. 

§ 208.  Prosencephalon, — As  the  ‘ crura  cerebri  ’ enter  the  pros- 
encej)halon,  they  are  augmented  by  further  accessions  of  formative 
neurine  in  masses  which  in  the  human  brain  have  received  the 
names  ‘ nucleus  ttenia:formis,’  ‘ nucleus  lenticularis,’  and  ‘ nucleus 
caudatus.’  The  latter  projects  into  the  proscnccjdialic  ventricle, 
as  the  ‘ corpus  striatum,’  figs.  70, 75,  r.  But  this  name  extends 
or  applies  also  to  the  deeper-seated  pp’ey  masses,  which  are  so  in- 
terblendcd  with  the  diverging  white  fibres  as,  in  section,  to  give 
alternate  white  and  grey  stria;.  The  accession  of  white  fibres 
from  these  formative  nidi,  diverging  to  fonn  the  basis  of  the 
cerebral  hemispheres,  causes  the  form  expressed  by  the  term 
‘ fibrous  cone,’  fig.  66,  c.  The  grey  matter  again  appears  as  a 
thin  su]>erficial  covering  or  ‘ cortex  ’ of  the  expansion  of  the 
white  fibres : and  this  grey  matter  contains  cells  similar  to  those 
in  the  corpus  striatum. 

In  most  Ly-  and  JAss-encephala,  and  in  a few  of  the  smallest 
kinds  of  Gyrencephala,  the  prosencephalic  vesicles  retain  the  out- 
ward uniformity  of  surface  which  they  have  in  birds  and  reptiles : 
unlike  those  of  the  mes-  and  ep-encephalon,  they  are  so  little 
united  together  that  they  are  called  and  seem  to  form  distinct 
‘ hemispheres.’  These  are  connected  together  in  all  Mammals  as 
in  Birds  by  the  cord-like  fasciculus  of  transverse  fibres,  figs. 
69  and  7.1,  c,  calle<l  ‘ anterior  commissure.’  But  the  main  dis- 
tinction lies  in  the  superaddition  to  the  ‘ diverging  ’ or  ‘ crural  ’ 
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fibres  of  other  ‘ commissural  ’ tracts  cither  ‘ longitudinal,’  con- 
necting parts  of  the  same  hemisphere,  or  ‘ transverse,’  and  bringing 
a greater  proportion  of  the  two  hemispheres  into  mutual  com- 
munication. But  there  are  steps  in  this  differentiation. 

Bach  hemisphere  of  the  cerebrum  begins  as  a vesicle  of  neurine, 
the  cavity  of  which  receives  the  growth  from  the  ‘ crura  ’ forming 
the  ‘ corpus  striatum.’  This,  in  Birds,  mainly  fills  the  ‘ ven- 
tricle ’ or  remnant  of  the  primitive  canty  of  the  sac.  But,  in 
Mammals,  the  wall  of  the  vesicle  is  augmented  by  folds,  of  which 
the  first  and  most  constant  is  pushed  from  the  mesial  or  inner 
side  of  the  ventricle  into  its  cavity,  giving  rise  to  the  convexity, 
figs.  70,  71,  h,  fig.  75,  n,  representing  the  part  called  ‘hippo- 
campus ’ in  anthropotomy.  The  ‘ fissure  ujwn  which  the  hippo- 
campus is  folded  ’ ‘ is  numbered  4 in  the  ‘ Table  of  Cerebral 


Fissures,’ p.  1.36,  as  in  fig.  69,  et  seq. 

In  Lyencephala  it  extends  from  the  fore  part  of  the  inner  sur- 
face of  the  hemisphere  backward  and  downward  in  a curve  with 
the  concavity  toward  the  centre  or  ‘ nucleus  cerebri,’  fig.  69,  b. 
It  is  not,  however,  a mere  doubling  of  the  wall  of  the  hemispheral 

vesicle ; longitudinal  fibres  are  de- 
veloped  therein  for  commissural  office ; 
they  cause  a definite  production  of  the 
lower  part  of  the  fold  within  the  ven- 
M ^ tricular  cavity  called  hippocampal  band 
(tcenia  hippocampi),  or,  because  in  Man 
it  is  plaited,  ‘ corpus  Jimhriatum  : ’ its 
inferior  hinder  termination  is  in  the 
‘ pes  hippocampi ; ’ its  upper  or  anterior 
one  becomes  the  ‘ posterior  pillar  ’ of  the  fornix.  ‘ Fornix’  is  the 
anthropotomical  term  for  the  anteriorly  continued  and  transversely 
connected  longitudinal  fibres  of  the  hippocamp:  the  ‘posterior 
pillars,’  fig.  69,  a,  one  from  each  hemisphere,  converge  as 
tlicy  advance,  are  united  by  a commissure  of  tbeir  own,  ib.  o, 
beyond  which  some  fibres  pass  forward  and  radiate  upon  the 
inner  surface  of  the  fore  part  of  the  hemisphere ; while  others 
bend  down,  as  the  ‘ anterior  pillars  ’ of  the  fornix,  pass  between 
the  anterior  commissure,  ib.  c,  and  the  nucleus  cerebri,  h,  and 
terminate  in  the  mammillary  body  already  mentioned. 

Delicate  fibres,  running  on  the  inner  surface  of  the  hemisphere 
at  right  angles  to  the  line  of  the  hippocampal  fissure,  are  con- 
tinued into  the  ventricle,  where  they  cover  the  longitudinal  fibres 


' So  deflned  in  i.xx'.  p.  90  (18371 
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developed  in  the  hippocampal  fold,  and  which  form  the  main  part 
of  the  hippocamp  and  its  anterior  extension.* 

This  fold  and  its  concomitantly  develoj)cd  longitudinal  and 
transverse  or  arched  fibres,  constitute  a great  and  abrupt  dis- 
tinction and  rise  in  structure  in  the  Mammalian  brain  as  com- 
pare<l  with  the  Avian  one,  and  indicate  that  birds  are  an  offshoot 
from  the  lower  Ovipara,  forming  a branch  apart.* 

In  Ornithorhynchus  the  jKistero-inferior  parts  of  the  hemispheres 
are  brought  into  connection  with  the  antero-iuternal  parts  by 
the  longitudinal  fibres,  while  the  antero-internal  parts  of  the 
hemispheres  are  connected  with  each  other  through  the  transverse 
fibres  at  the  approximated  anterior  ends  of  the  folds,  where  the 
stratum  connecting  those  ends  together,  and  radiating  the  fibres 
upon  the  inner  surface  of  the  anterior  lobes  of  the  hemispheres, 
and  over  the  inner  wall  of  the  ventricle,  is  thickest.* 

The  greater  part  of  the  hemispheral  cavity  or  ventricle  is 
overarched  in  Lyencephala  by  the  inner  leaf  of  the  hipjwcam- 
pal  fold,  and  its  developements  called  ‘ tasnia  hippocampi  ’ aud 
‘ fornix.’  The  transverse  fibres  connecting  the  tajnia  hipj)o- 
cam])i  and  terminating  that  body  anteriorly  in  Lyencephala,  are 
carried,  in  the  ascending  Mammalian  scries,  by  the  growth  of 
the  hemispheres  anterior  to  them,  as  it  were  by  a movement 
of  rotation,  from  before  upward  and  backward,  until,  in  Man, 
they  become  the  ‘ ])8alterial  fibres  ’ which  connect  the  posterior 
‘ genu  ’ of  the  corpus  callosum  with  the  ‘ tamia  hipjiocampi,’  these 
being  compared  to  the  ‘ frame  ’ and  the  transverse  fibres  to  the 
‘ strings  ’ of  the  harp,  by  the  old  anthropotomists.  The  super- 
addition of  cerebral  matter  above  and  anterior  to  c,  figs.  69,  73, 
is  associated  with  transverse  commissural  fasciculi,  progressively 
a<lded,  from  behind  forward,  and  now  overarching  the  lateral  ven- 
tricles, and  fulfilling  all  the  functions,  relations,  and  definitions  of 
the  anthrojiotomical  ‘ corpus  callosum,’  figs.  78,  /,  and  123,  c. 
Its  hind  part  is  embraced  by  the  ‘ callosal  convolution,’  ib.  o.^ 

' These  fibres  are  shown  at  x,  fig.  4,  pi.  vii.  lxx'.,  which  gives  a view  of  the  hippo- 
campal fold  from  the  ventricular  or  ‘lateral’  side,  as  ‘ part  of  a thin  stratum  of  medul- 
lary fibres  arching  over  the  hippocampus  major,  and  continued  therefrom  into  the 
internal  wall  of  the  ventricle,’  p.  95. 

* If  we  could  examine  the  brains  of  Dinotauria  or  Dia/nodontia,  the  actual  gap  in 
the  series  of  cerebral  structures  might  bo  better  filled. 

’ From  this  point  in  the  lowest  (Lyencephalous)  mammals,  as  in  the  embryo  of 
the  highest,  the  growth  of  the  great  supraventricular  body  of  transverse  commissural 
fibres  forming  the  ‘ corpus  callosum  ’ begins : * Anterior  fibres  of  the  “ tmnia  hippo- 
campi ’’  continued  into  the  anterior  lobes  of  the  hemispheres.’  Lxx'.  p.  95,  pi.  vi. 
figs.  4 and  6,  o';  and  pi.  vii.  fig.  4,  x. 

* The  part  marked  B in  the  Echidna  has  become  the  part  marked  n in  Man.  I’ls. 
Xxxvi.  and  xxxviii.  of  xLia". 
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Sucli  are  the  essential  characters  of  the  Mammalian  ‘ prosen- 
cephalon.’ The  chief  modifications  of  the  Mammalian  brain,  as 
above  characterised,  will  next  be  noticed  in  tlie 
different  leading  groups  of  the  class. 

A.  Lyencephala.  In  the  Ornithorhynchns, 
the  brain,  figs.  52  and  69,  is  to  the  weight  of  the 
btxly  as  1 to  1.30  ; the  hemispheres  are  triangu- 
lar, depressed,  the  broader  jHisterior  part  over- 
lapping the  o|)tic  lobes,  and  reaching  to  the 
cerebellum.  With  the  exception  of  the  hip|K>- 
campal  fissure,  fig.  69,  4,  and  the  de]iression 
lodging  the  rhinenccphalic  crus,  the  surface  is 
unbroken  or  smooth,  with  a few  vascular  im- 
pressions diverging  from  the  fore  part.  The 

LaUrml  ventricle,  Ecblduft.  i ii  vi  ^ • I 1 11  1 al 

inciliiila  oblongata  is  broad  and  depressed ; tiic 
corpira  pyramidalia,  fig.  51,  «,  are  in  very  low  relief ; the  corpora 
olivaria,  o',  expand  as  they  advance  ; they  arc  crossed  anteriorly 
by  the  ‘ cor(X)ra  trapezoidea,’  6,  which  are  large  ; the  ‘ j)ons,’  c,  is 
narrow  : anterior  to  it  is  a large  ganglionic  body,  c',  from  which 
issues  the  huge  tngcminal  nerve,  5.  The  longitudinal  groove  be- 
r I tween  the  optic  lobes  is  shallow ; 

it  is  wanting  in  the  small  and 
low  ‘ testes.’  The  hip|K>campii3 
is  the  chief  prominence  within 
the  ventricle  of  the  hemisjihere  ; 
the  corpus  striatum  is  long  and 
narrow. 

The  brain  of  the  Echidna, 
fig.  71,  is  relatively  larger  than 
in  the  Ornithorhynchus,  and  the 
exjK)sed  outer  surface  of  the 
hemispheres  is  extended  by  con- 
volutions. The  cerebral  hemi- 
spheric cavity  is  mainly  occupied 
in  both  ^lonotrenies  by  the  ‘ hij>- 
jMwainp,’  fig.  70,  h,  which  con- 
stitutes a great  part  of  its  floor 
ns  well  as  inner  wall.  This,  with  much  jof  the  hipjwcamp,  is 
removed  in  fig.  7 1 , to  show  the  pro|x>rtions  of  the  ‘ corjms  stria- 
tum,’ s,  and  to  bring  into  view  the  thalami,  t ; these  arc  divided 
from  the  ‘ nates,’  r,  by  a linear  groove ; the  ‘ testes,’  »,  are  half 
the  size  of  the  ‘ nates,’  and  the  median  longitudinal  groove, 
which  is  shallow  between  the  nates,  is  not  continued  further 


Unin  and  Utcral  ventricle,  hipiM>cainpa»  removed 
Kclildiia. 
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back.'  Like  the  water-shrews,  the  Omithurhynchus  has  a smooth 
cerebrum;  the  Echidna,  like  the  Great  Ant-eaters  and  the 
Sloths,  has  a convoluted  one.  Besides  the  long  and  deep  * hip- 
pocampal fold,’  the  fore  part  of  the  mesial  surface  shows  a 
l>eginning  of  the  supercallosal  one ; behind  which  it  is  also 
notched  vertically  by  the  mesial  ends  of  the  upper  transverse 
folds,*  fig.  71.  Of  these,  three  nearly  parallel  ones  extend 
across  the  broad  jwsterior  part  of  the  upj>er  surface  of  each 
hemisphere,  their  outer  ends  inclined  forw  ard ; anterior  to  them  is 
a larger  convolution  bent  upon  itself  so  as  to  form  the  inner 
boundary  of  the  anterior  half  of  the  upj>er  surface.  In  the  angle 
of  the  above  are  two  oblique  folds  inclining  ‘ mesiad  ’ toward  the 
contracted  fore  part  of  the  hemisphere.  The  base  of  the  brain, 
fisr.  52,  shows  a few  short  foldings  of  the  surface  of  the  great 
natiform  protuberances,  h'.  The  principal  folds  sink  about  a 
line’s  depth  into  the  substance  of  the  cerebrum.  The  rhinence- 
]>halon  is  enormous,  ib.  K.  Some  of  the  fibres  of  the  great 
anterior  conunissure  bend  forward,  and  are  continued  into  each 
of  its  crura.  The  outer  part  of  the  crus,  ib.  i a,  continued  from 
that  of  the  proseucephalon,  emerges  from  the  fore  margin  of  the 
natiform  protuberance,  from  which  it  has  a reinforcement  of  fibres ; 
the  inner  division,  tumid  with  added  grey  neurine,  ib.  i h,  is  also 
very  broad.  The  prosencephalic  cavity  or  ‘ ventricle  ’ is  con- 
tinued into  the  rhinencephalon,  and  is  exposed  in  fig.  52,  by  re- 
moval of  the  tliin  floor  which  rests  uiwii  the  large  ‘ cribriform 
plate.’  The  ‘ pineal  ’ and  pituitary  (ib.  p)  appendages  of  the 
prosencephalon  offer  no  inonotrematous  characters. 

There  is  not  that  difference  of  size  between  the  Ornitho- 
rhynchus  and  Echidna  which  would  lead  us  to  connect  therewith 
the  convolution  of  the  hemispheres  in  the  latter  animal ; what 
is  known  of  their  habits  suggests  no  superiority  of  psychical 
jKiwer  and  resource  in  the  land-  over  the  water-monotrematous 
Insectivore.  Increased  extent  of  the  walls  of  the  hemisphere  in  no 

* Mj  obsemtioDS  on  this  state  of  the  * corpora  qaadrigemina ' in  Monotreroes 

accord  with  those  of  Laurent  and  Kydoox  on  the  Echidna,  and  of  Meckel  on  the 
OrDithorfajrocbos.  * Kn  comparant  Ics  tabcrculcs  quadrijutneaux  dc  l^Kchidn^  a cenx 
dc  rOmilhorhj^nque,  nous  axons  faeilcmcot  constat^  ce  quo  l*a  d^ja  ei<^par  Meckel 
poor  ce  dernier,  e'est-a-dire  qn*on  ne  peut  pas  distinguer  Ics  tnbcrculcs  posterieurs 
dcs  aoU'riears,  et  que  ce  qoe  Meckel  a remarque  ebez  rOmitborhynqiio  et  exprime 
en  CCS  icrmcs  : **  EmincDtia  quadrigetuiua  magna,  posterior  tamcn  vcrc  percipieoda,  ut 
fere  bigemina  easet,**  cst  encore  plus  prononce  dans  Ics  tubcrculcs  do  cerveao  de 
ri-Ichidne,  qoi  sont  recllcment  simplement.’  LVii".  p.  164. 

* Well  given  in  Lvn".  pi.  ix.  6g.  4 : omitted  in  the  diagram  of  a similar  section 
in  xiiu".  pL  xxxvii.  fig.  7. 
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degree  influences  the  developement  of  a supraventricular  trans- 
verse commissure;  the  seeming  small  one  exposed  at  o,  fig.  71, 
is  hippocam])al  or  ])salterial.  This  low  phase  of  Mammalian  brain- 
growth  is  essentially  related  to  the  common  monotrematous  con- 
ditions of  generation. 

The  brain  bears  a small  proportion  to  the  bo<ly  in  the  Marsupial 
order;  in  the  Ursine  Uasyure,  fig.  72,  it  is  as  1 to  520;  in  the 
Wombat,  as  1 to  614;  in  the  great  Kangaroo,  as  1 to  800.  In 
smaller  Kangaroos  the  disproportion  is  less ; thus  in  the  Tree- 
kangaroo  {Dendrolagus  inustus)  I found  it  as  1 to  250.  The 
brain  is  relatively  largest  in  the  smaller  species  of  Petaurists  and 
Phalangers. 

The  cerebral  hemispheres  do  not  extend  over  the  cerebellum 
in  any  of  the  species,  and  in  some,  as  the  Dasyures  and  Opossums, 
they  leave  the  optic  lobes  e.xposed.  In  the  Phalangers  and  Petau- 
rists, the  Ojx)ssums,  Perameles,  the  insectivorous  Phascogales, 
and  the  smaller  Dasyures,  the  exposed  surface  of  the  cerebral 
hemispheres  is  unconvoluted.  In  the  Dasyurus  ursinus,  fig.  72, 
b,  this  surface  is  broken  by  a few  slight  indentations,  two  of  which 
may  indicate  the  beginnings  of  the  ‘ medi-lateral  ’ longitudinal 
folds. 

In  the  Wombat  an  ectorhinal  fissure  bounds  the  outer  side  of 
the  olfactory  tract  at  the  base  of  the 
brain ; ' from  the  anterior  moiety  of  this 
fi.ssure  three  or  four  smaller  ones  curve  uj)- 
ward  upon  the  sides  of  the  hemispheres, 
one  of  which  answers  t<i  the  ‘ fissura  Syl- 
vii,’«  but  is  less  defined  than  in  the  Kan- 
garoo. On  the  upper  surface  a short 
transverse  fissure  marks  off  the  outer  part 
of  the  anterior  lobe  of  the  cerebrum,  and 
behind  this  each  hemisphere  exhibits  a few 
detached  shallow  fissures. 

The  American  Opossums  show  a range 
in  size  from  that  of  a mouse  to  that  of  a 
cat,  and  the  Australian  Dasyures  rise  from 
the  same  diminutive  extreme  {Antechinns 
piisillus)  to  the  size  of  the  wolf  ( Thyla- 
cinus).  But  the  cerebral  hemispheres  are  as  smooth  in  Didel- 
phys  Viryiniana^  as  in  J).  (^Philander,  Microdelphys)  murina  •, 
and  the  great  Ursine  Dasyurc,  fig.  72,  shows  but  a few  short  and 
shallow  indentations  of  the  exiwsed  cerebral  surface.*  Thylacinux 

‘ t.xx'  pi.  y.  fig.  8.  • Ib.  fig.  3.  ■ Ib  fig.  6.  • Ib.  fig.  5. 


72 


Brain  of  Dajjunts  ursliios. 
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has  the  anterior  apex  of  the  hemisphere  marked  off  by  a deeper 
transverse  fissure,  extending  to  the  inner  surface.  In  tlic  Her- 
bivorous Marsupials  the  fissures  73 

are  more  definite,  deeper,  and 
rather  more  numerous  in  the 
larger  {Macropus  major,  fig.  74) 
than  in  the  smaller  species 
( Hppsipri/mnus).  All  Marsupials 
have  the  hippocampal  fissure, 
fig.  46,  4,  fig.  73,  i,  coextensive 
v?ith  the  antero-posterior  range  of  the  prosenccphalic  cavity,  and 
arching  over  all  the  commissural  ap{>aratus  of  the  hemispheres. 
The  concomitant  extent  of  the  convolution  (hip]x>campus  major) 
is  shown  in  LXx'.  pi.  vii.  figs.  3 {Didelphys')  and  4 {Macropus), 
in  the  exposure  of  the  ventricle  from  the  outer  side.  In 
Didelphys,  fig.  73,  the  surface  of  the  hemisphere  above  the 
fissure  is  feebly  impressed  by  blood-vessels;  in  Thylncinus  there 
is  a short  fissure  above  the  back  part  of  the  hi])poeain|)al 
one  ; in  Phateolomys  and  Macropus  there  is  also  an  anterior  one 
which  bends  or  bifurcates  at  its  fore  part.'  These  fissures  mark 


the  level  of  the  roof  of  the 
lateral  ventricle  ; the  surface 
below  forming  the  thin  mesial 
wall  of  the  cavity,  fig.  75,  7, 
which  in  the  higher  Pla- 
ccntals  is  defined,  os  the  ‘sej>- 
tuin  lucidum,’  by  a corpus 
callosum  from  the  part  above, 
Ou  the  upper  surface  of  the 
hemisphere,  in  Macropus  via- 
jor,  a longitudinal  part  of  the 
fissure,  fig.  74,  ?,  marks  off  a 
mcrlial  convolution,  I,  at  the 
anterior  half,  and  occasion- 
ally it  is  prolonged  backward 
by  the  fissure,  10,  as  in  the 
left  hemisphere  of  fig.  74. 
But  there  is  continued  from 
s,  in  both  hemispheres,  a 
fissure  extending  outwanl, 
which  bounds  behind  the 


74 


nratn  uf  MarropuA 


part  of  the  hemisphere  impressed  by  the  ‘ sylvian  fissure,’  5.  The 


' LXX'.  pi.  vi.  flg8.  4 nnJ  6,  7,  q. 
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sylvian  convolution,  e,  c',  folded  on  s,  is  divided  behind  by  the 
fissure,  9,  from  the  post-sylvian  fold,  f.  The  contracted  anterior 
part  of  the  hemisphere  is  marked  off  by  a feeble  coronal  fissure, 
li,  and  is  partially  divided  into  a superfrontal  fold,  n“,  and  a 
subfrontal  fold,  In  the  broad  hind  part  of  the  hemisphere 
arc  the  medial,  I,  and  lateral,  m,  tracts. 

On  separating  the  hemispheres  of  the  brain  of  the  Wombat, 
not  only  the  bigeminal  bodies,  B,  fig.  75,  and  pineal  gland,  ib. 
M,  but  the  thalami,  ib.  t,  t,  are  brought  into  view,  and  instead 
of  a broad  corpus  callosum,  we  perceive,  situated  deeply,  a small 
commissural  medullary  band,  ib.  m,  {Missing  in  an  arched  fonn 
over  the  anterior  part  of  the  thalami,  and  extending  beneath 
the  ‘ labia  hi{>pocam{)i,’  the  supraventricular  part  of  the  hemi- 
spheres, q,  being  thus,  as  in 
the  bird  and  monotreine,  dis- 
connected with  each  other. 
On  gently  raising  the  labia* 
from  above  the  commissure 
and  pressing  them  outward 
with  the  handle  of  a scal{)el, 
the  instrument  passes  into  the 
fissure  ujKjn  which  the  hijipo- 
campus,  ib.  n,  is  folded.  The 
mesial  wall  of  the  hemisphere 
is  continued  from  the  u{)j)er 
labium  of  the  hippocamims, 
and  is  com{)osed  of  a thin 
lamina  of  medullary  substance 
analogous  to  a detached  layer 
of  the  se|)tum  lucidum.  In  the 
Kangaroo  the  mesial  parietes 
of  the  lateral  ventricles  are 
thicker.  In  both  Marsupials  they  receive  the  thin  layer  of  fibres, 
fig.  75,  0,  jiassing  from  the  commissure,  m,  over  the  upper  lip  of 
the  hipj)ocampal  fold,  to  radiate  vertically  ujwn  the  anterior  h.alf 
of  the  inner  wall  of  the  ventricle.  These  fibres  are  figured  in 
Lxx'.  |)1.  vi.  fig.  4,  o'  (Wombat),  and  fig.  6,  o'  (Kangaroo),  and 
are  described  as  the  ‘ anterior  fibres  of  the  tienia  hip{X)campi 
continued  into  the  anterior  lobes  of  the  hcmis|)hercs.’* 

‘ These  nrc  not  to  be  confounded  with  the  ‘ labia  cerebri  * of  nntliropotomy. 

* The  autlior  of  xtin''.  figures,  in  pi.  xxxvL  fig.  4,  a more  extensive  series  of  trans. 
verse  fibres  which  he  describes,  p.  644,  as  being  lost  beneath  the  * labia  cerebri,'  as 
the  margin  of  the  * callosal  fold  ’ U called  by  some  authors.  The  surface  cf  the  dira* 
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The  crura  cerebri,  which,  in  the  0{)ossum,  e,  fig.  53,  are  left 
exposed  below,  like  the  optic  lobes  above,  by  reason  of  the  small 
jwojwrtional  size  of  the  cerebrum,  are  more  comjdctcly  concealed 
in  the  brain  of  the  Kangaroo  and  Wombat.  The  natiforin  pro- 
tuberances form  a great  proportion  of  the  under  part  of  tlic 
cerebral  hemispheres  in  all  the  Marsupials ; the  ectorhinal  fissure 
which  indents  their  base  in  the  Wombat  and  Kangaroo,  runs 
along  the  side  of  the  hemisphere  to  the  outer  side  of  tlie  olfactory 
lobe  in  the  Opossum,  indicating  the  large  relative  size  of  the 
basirhinal  fold  or  tract.  Behind  the  commissure  of  the  optic 
nerves  is  seen  a broad  and  short  infundibulum  supporting  the 
j)ituitary  body,  g,  fig.  53,  and  posterior  to  this  is  the  single  corpus 
albicans.  The  optic  lobes,  fig.  TS,  b,  are  solid;  a pair  of  simi- 
lar but  smaller  ones  rise  behind,  and  form  with  tliem  a ‘ bige- 
miual  ’ mass:  the  anterior  divisions  or  ‘ nates,’  d,  fig.  75,  have  a 
greater  longitudinal  diameter  than  the  posterior  ones  or  ‘ testes,’ 
whieh  have  a greater  transverse  developcmcnt.  The  difference 
ill  the  relative  devclopement  of  the  nates  and  testes  between  the 
herbivorous  and  carnivorous  Marsupials  is  less  than  in  the  corre- 
sjionding  Placental  quadrupeds. 

The  posterior  transverse  fibres  of  the  hippocampal  commissure 
arc  continued,  fig.  75,  m,  outward  and  backward  beneath  the 
more  longitudinal  fibres,  which  overlap  them  as  they  pass  for- 
ward to  the  anterior  cerebral  lobes  and  pass  into  the  substance 
of  the  hippocampi,  n.  Thus  the  commissure,  which  is  brought 
into  view  on  divaricating  the  cerebral  hemispheres  in  the  Wom- 
b.it,  is  seen  to  be  partly  the  bond  of  union  of  the  two  hippo- 
campi inajores  in  the  transverse  direction,  like  the  ‘ lyra  ’ of 
anthropotomy,  and  partly  of  the  hipjMicampus  and  the  fore  and 
inner  parts  of  the  hemisphere  in  the  longitudinal  and  vertical 
directions.  It  mainly  fulfils  the  function  of  the  fornix,  not  only 
as  being  the  hijipocampal  commissure  and  continued  backward 
and  downward  as  ‘ posterior  pillars  ; ’ but  by  sending  down  from 
the  inferior  surface  two  small  nerve-like  processes,  which  extend 
vertically,  behind  the  anterior  commissure,  to  the  corpus  albicans, 

ricated  hemispheres  is  left  entire,  and  whether  the  fibres  diverge  into  the  substance 
of  the  roof  of  the  ventricles  is  not  shown.  In  Lxx'.  pi.  vi.  figs.  4 and  6,  the  requisito 
dissection  is  made  and  figured,  and  the  transverse  fibres  are  shown  to  be  lost  beiieatli 
the  ' labia  hippocampi  ’ — that  is,  to  bo  continued  into  the  hippocampi,  not  into  the 
supraventricular  substance.  Other  di.ssectors  of  the  bruin  of  a Macropm  Uenetiii  and  of 
rkajtcvlomyt  might  compare  the  appearances  with  those  figured  in  the  ‘ I’hilosophical 
Transactions,’  1837,  pi.  vi.  figs.  4 and  E,  and  iu  the  ‘ I'hilosophieal  Transactions,’ 
186S,  ph  xzxvi.  fig.  4. 
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at  the  ba.se  of  the  brain.  The  superior  view  of  the  connections  of 
the  hippocampal  commissure  of  the  Wombat  is  given  at  m,  n,  o, 
fig.  75.* 

The  artery  of  tlie  plexus  choroides,  entering  with  the  fold  of  pia 
mater  at  the  lowest  part  of  the  hippocampus,  is  richly  spread  upon 
the  small  production  of  that  fold,  ib.  p,  beneath  the  margin  of  the 
‘ taenia  ’ near  the  passage  by  which  it  is  continued  into  the  fold 
and  plexus  of  the  opiwsite  ventricle.  This  iutercominiinicatiun 
between  the  two  prosencephalic  cavities  exists  in  all  iMamnials, 
and  is  defined  in  anthrojwtomy  as  the  ‘ foramen  Monroianum.’ 
The  pineal  appendage,  ib.  «,  is  small  compared  with  its  ‘ crura,’ 
which,  as  in  all  other  Mammals,  are  continued  backward  from 
the  fore  and  inner  parts  of  the  thalami,  t. 

A well-marked  ectorhinal  fissure  extends  from  the  natiform 
protuberance,  defining  externally  its  ‘ basirhinal  tract  ’ ’ and  the 
forward  continuation  of  the  ‘ crus  rhinencephali.’  A longitudinal 
white  streak  ’ divides  the  outer  and  inner  portions  of  that  crus. 
Tlie  prosencephalic  ca^dty  is  continued  into  the  large  rhinen- 
cejihalon,  figs.  73  and  46,  R,  d. 

The  characteristics  of  the  Marsupial  brain  are,  its  small  rela- 
tive size,  small  projwrtion  of  cerebrum,  convolutions  wanting,  or 
few  and  symmetrical  in  those  Marsupials  possessing  them,  large 
proportional  anterior  commissure,  and  still  larger  hippocampi ; 
some  fibres  arcli  across  from  one  to  the  other  hipjM>campus, 
answering  to  the  ‘ lyra,’  and  fonning  the  beginning  of  the  great 
transverse  commi-ssure  or  ‘ corpus  callosum  ’ of  higher  Mam- 
mals ; the  fibres  radiating  upon  the  fore  and  inner  wall  of  the 
ventricle  are  the  anterior  terminations  of  the  great  longitudi- 
nal commissure  answering  to  the  ‘ fornix  ’ in  anthrt)jx)tomy. 
The  ‘ corpus  striatum,’  fig.  75,  r,  is  relatively  small  and  in- 
ferior in  jwsition  to  the  hij)pocampus,  being  partially  overlapped 
thereby. 

B.  Lissencephala. — I demonstrated  the  characters  differentiating 
the  first  step  in  the  dcvclopement  of  the  ‘ corpus  callosum  ’ of 
the  Hedgehog,  in  the  longitudinal  section  of  the  brain*  prej)arcd 
.and  abided  to  the  Hunterian  series  of  Comparative  Anatomy  in 
1834,  by  contrast  with  a similar  section  of  the  brain  of  the  Opo.s- 
sum  • and  Dasyure ; ® placing  a plate  of  mica  in  the  fore  p.art  of 

* Haller  showed  bia  appreciation  of  the  essential  nature  of  these  *fcrcfomicis 
ipfius  cruribus.* 

* Lxx*.  pi.  V.  fig.  8,  la.  ■ Ih,  Ic. 

* No.  1323  n.  XX.  yoI.  iii.  (1835),  p.  29 ; and  see  xuii".  pi.  xxzvii.  fig.  7, 

* XX.  no.  1323  B.  • XX.  no.  1323  c. 
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the  hippocampal  fispore  in  each,  which  accordingly  paascp  aK-»Tc 
the  transTersc  conunisstmil  system  lyrm  of  fornix '»  in  iJie 
^{arsujdal,  and  beneath  the  abruptly  pupcraihlcd  • coq'us  cal- 
losum ’ in  the  placental  Insecrivore.  In  a similar  section  of 
the  brain  of  the  Squirrel ' the  corpus  callosum  is  of  trrcater 
relative  extent,  as  it  is  in  all  Eodcnts  as  contrasted  -with  In- 
sectivores.  Concomitantly  with  the  appearance  of  the  now  series 
of  transverse  fibres  hrinjring  the  hemisjiberes  into  communica- 
tion above  their  ventricles,  the  anterior  comnussurc  is  diminished 
in  size. 

Isotwithstanding  this  difference  in  the  kind  and  airan^emcnl  of 
the  transverse  connecting  fibres  of  the  hemisjihcrcs.  these  dc>  not 
present  a corresponding  rise  of  devclo]>ement-  In  the  snouted 
Shrews  of  Africa  the  brain,  fig.  76.  offers  outwanlly  as  low  a 
condition  as  in  the  0|ios6um  or  Dasyure,  All  the  f>ur  primary 
segments  are  in  view  ; the  epencephalon,  c,  mesencephalon,  o, 
prosencephalon,  p,  and  rhin encephalon,  K.  suc- 
ceed each  other  longitudinally  from  hehinj 
forward,  as  in  Reptilia,  The  multiplication 
of  grey  and  white  matter  above  the  mt>dulla 
oblongata  mainly  distingtushes  the  brain  t>f 
the  active  Shrew  from  that  of  the  slow  Tor- 
toise, fig.  45 ; and  the  lateral  lobw  of  the 
cerebellum  carry  appendages,  as  in  the  Ojh's- 
sum.  The  anterior  bigeminal  bodies,  O,  much 
exceed  the  jiosterior  ones  in  size.  A feeble 
and  interrupted  indication  of  the  mediiatcral 
longitudinal  fissure  marks  the  upj*er  surface 
of  the  hemispheres.  These  are  much  contracted  anteriorly.  A 
short  callosal  fissure  is  added  to  the  hippcn;am]>al  one  on  the 
inner  surface  of  the  hemisphere.  The  rhinenoephala  are  long, 
large,  and  pyriform.  In  the  Hedgehog  {Erinacrus)  the  ectorhinal 
fissure  is  apparent  in  the  upper  view  of  the  brain  through  the 
great  relative  size  of  the  crura  rhinencephalL 

The  Bats  resemble  the  terrestrial  Insectivora  in  their  cercbnil 
surface,  as  do  also  the  smaller  Rodents.  In  some  of  the  larger 
ones.  Agouti,  e.  g.  (vol.  ii.  p.  270,  fig,  146),  the  mediiatcral 
fold  is  better  defined:  but  the  Beaver  shows  no  trace  of  this, 
although  the  hemispheres  are  broader  anteriorly  : they  are  more 
expanded  here  in  the  equally  smooth  cerchrum  of  the  Porcu- 
pine, fig.  77.  The  Rodents  show  some  variety  in  the  sIuijh;  of 

' XX.  no.  1.323  u. 
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the  cerebrum.  In  the  T^porida,  fig.  79,  a,  it  is  lozenge-shaped, 
with  the  anterior  borders  longer,  and  converging  to  a narrower 
(though  obtuse)  apex,  than  the  posterior  ones.  In  the  Pacas 
the  cerebrum  is  broader,  with  both  ends  more  obtuse  and  larger, 
and  the  hinder  thii-d  is  broader.  In  Castor,  fig.  78,  it  pre- 
sents a full  ovate  figure.  In 
Jlystrix,  fig.  77,  it  is  subquadrate, 
through  increasing  breadth  of  the 
fore  part.  On  the  medial  surface 
of  the  hemisphere  the  ‘ hippocampal 
fissure  ’ is  confined  to  the  hinder 
half ; the  ‘ eallosal  fissure  ’ is  super- 
added,  commencing  at  the  ‘ sple- 
nium’  or  posterior  genu  of  the 
great  commissure,  and  running 
along  its  upper  surface  to  tlie  an- 
terior genu ; it  is  shallow,  but  now 
defines  the  true  ‘ labium  cerebri.’ 
On  the  under  surface  the  ectorhinal 
fissure,  figs.  83  and  84,  8,  has  the 
same  extent  as  in  the  Wombat ; it 
iTpiicr  lortvo  of  iho  brain  of  tin?  rorenpino.  diverges,  US  it  recedes,  further  from 

its  fellow,  in  fig.  83,  through  the 
greater  breadth  of  the  basirhinal  protuberances,  h.  A few 
short  fissures  rise  from  its  anterior  half  a little  way  upon  the 
hemisphere  in  the  Cavies,  as  in  the  Wombat.  In  the  Por- 
cupine the  sylvian  fissure,  figs.  77,  84,  5,  is  well  marked, 
though  short,  and  there  is  a feeble  indication  of  the  ‘ coronal 
fissure,’  12. 

In  the  smaller  and  especially  the  insectivorous  Bruta  the 
brain  presents  the  lissencephalous  type,  ha^ung  smooth,  low, 
triangidar  hemispheres,  lea^^ng  the  mesencephalon  as  well  ns 
epencephalon  in  view  posteriorly.  Dasypus  has  the  fore  part 
less  contracted  than  Myrmecophaga,  at  least  than  M.  didactyla. 
In  Bradypus  the  anterior  expansion  gives  an  ovate  form  to  the 
hemispheres;  and  now,  besides  the  hippocampal,  callosal,  ecto- 
rhinal, and  sylvian  fissures,  the  upper  surface  shows  the  medi- 
lateral,  suprasylvian,  and  frontal  ones.  The  medilateral  bends 
outward  anteriorly,  defining  the  ‘anterior  lobe’  impressed  by 
the  short  angular  or  triradiate  ‘ frontal  ’ fissure.  The  above 
fissures  mark  out  a medial,  lateral,  sylvian,  postfrontal,  and 
prefrontal  convolutions.  On  the  inner  surface  a supercallosal 
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fissure  now  defines  a ‘ convolution  of  the  corpus  callosum,’ ' the 
lower  margin  of  which,  resting  on  that  body,  is  the  ‘ labium  cerebri  ’ 
of  anthropotomy  : in  Sloths,  as  in  Shrews  and  Rodents,  it  is  an- 
terior to  and  distinct  from  the  ‘ hippocampal  ’ fissure  and  fold. 

In  all  Lissencephala  the  hemispheres  present  the  following 
structure,  the  rise  in  which,  as  compared  with  that  in  Lyence- 
phala,  is  independent  of  the  smallness  and  smoothness  of  those 
divisions  of  the  brain. 

Taking  that  of  the  Beaver  ( Castor  fiber),  e.  g.,  and  comparing 
its  prosencephalon  with  the  sub-convolute  one  in  Phascolomys  or 
Macropus,  we  find,  on  divaricating  the  hemispheres,  that  the 
‘ corpus  callosum  ’ is  brought  into  view,  and  on  removing  the 
cerebral  substance  to  a level  with  this  body,  as  in  fig.  78,  its 
fibres  are  observed  to  diverge  into  the  substance  of  each  hemi- 
sphere, some  bending  upward,  but  a greater  proportion  arching 
downward  and  commingling  with  those  that  diverge  from  the  cere- 
bral nuclei.  The  portions  of  the  brain  which  are  removed  in 
thus  tracing  the  extent  of  the  corpus  callosum  bring  into  view  the 
corpora  bigemina,  B,  and  the  pineal  gland,  u ; but  the  optic  thalami 
are  concealed  by  the  great  com- 
missure above  described.  K the 
posterior  margin  of  the  corpus 
callosum  be  raised,  its  inferior 
surface  is  found  to  be  closely 
connected  or  continuous  with  the 
transverse  commissural  band  of 
fibres,  arching  over  the  anterior 
part  of  the  optic  thalami,  and 
passing  outward  and  backw'ard 
along  the  floor  of  the  lateral  ven- 
tricles into  the  substance  of  the 
hippocampi,  which  are  almost  as 
large  as  in  the  Wombat.  The 
anterior  part  of  the  corpus  cal- 
losum is  bent  downward,  and  it 
is  attached  along  the  middle  line 
of  its  inferior  surface  by  a uniting 
medium  of  medullary  substance, 
the  beginning  of  the  ‘ septum  lucidum,’  to  the  hippocampal 
commissure  or  fornix ; the  tasniae  hippocampi  send  forward, 
as  in  the  Wombat,  a delicate  layer  of  medullary  fibres  which 

' ‘ Oaricl'  and  * internal  convolution’  of  Foville,  xxv". 


78 


Dl»»cction  of  brain  tn  atiow  ct^rptiA  ealloBum, 
fk-aTfr. 
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pproad  over  the  mesial  surface  of  the  anterior  lobes,  and  are 
homologous  with  those  marked  o'  in  fig.  75,  and  in  figs.  4 and 
6,  j)I.  vi.  LXX’. 

The  eorj)Us  callosum  being  removed,  and  the  commissural 
fibres  of  the  hippocampi  being  left  behind,  the  view  of  the 
Beaver’s  brain  now  corresponds  with  that  obtuimxl  in  the  dis- 
section of  the  brain  of  the  Wombat,  fig.  75.  The  artery  of 
the  jdexus  choroides,  ib.  p,  in  both  the  Beaver  and  Wombat, 
enters  the  lateral  ventricle,  where  the  hipjKJcampus  commences 
at  the  ba.se  of  the  hemis]iherc,  and  the  plexus  is  continued  along 
the  under  surface  of  the  tamia  hippocampi,  and  jmsses  beneath 
the  fornix,  through  the  usual  foramen,  to  communicate  with  its 
fellow  in  the  third  ventricle  immctliatcly  behind  the  anterior 
crura  of  the  fornix,  which  are  sent  down  in  the  Beaver,  as  in  the 
Wombat,  from  the  centre  of  the  inferior  surface  of  the  hij)jx)- 
cam|)al  commissure. 

If  we  ex]K)se  the  lateral  ventricle  by  removing  its  outer 
parietes  in  a marsupial  and  placental  quadrujied,  the  hijqMicam- 
])us  major,  the  tania  hip}x)campi,  the  ]>lcxus  choroides,  and  the 
foramen  Monroianum  arc  brt)ught  into  view.  If  a style  be 
thrust  transversely  through  the  internal  wall  of  the  ventricle, 
immediately  above  the  hippocampal  commissure,  in  the  j)la- 
cental  quadruped,  it  enters  the  op]K)site  ventricle  and  j)crforates 
the  septum  lucidum,  j)assing  below  the  corpus  callosum.  If  the 
same  be  done  in  the  Marsujiial  brain,  the  style  pa.sscs  into  the  o]>- 
jK<site  ventricle,  but  is  immediately  brought  into  view  from  above 
by  divaricating  the  hemisjdicrcs. 

The  commissure,  answering  to  the  ‘ lyra,’  represents  the  begin- 
ning of  the  corpus  callosum ; but  this  detennination  does  not 
invalidate  the  fact  that  the  great  commissure  which  unites  the 
su|)ravcntricular  masses  in  the  IIe<lgchog,  Beaver,  Bat,  and  all 
other  placcntally  developed  mammals  i.s  a definite  superaddition 
for  more  eft'ectually  associating  the  hcmis|iheres  in  whatever 
motion  or  change  they  may  undergo  in  the  actions  of  the 
brain. 

All  I.issrncephala  show  a large  proportional  size  of  the  hip- 
pocani]>i,  fig.  and  r,  a small  ‘ corpus  striatum,’  d,  and  large 

‘bigeminal  bodies,’  A,  which  hear  the  same  proportion  to  each 
other  as  in  Mnrsupialin.  The  smaller  the  brain,  the  larger  is  the 
share  which  the  mesence|ihalon  takes  in  its  formation,  as  in  the 
Shrews  and  iMolcs  (fig.  (>7). 

The  rhincnccphalon,  fig.  79,  g,  fig.  HI,  e,  is  connectcil  by  a 
broad  and  complex  ‘ crus’  with  the  under  part  of  the  hemisjilicres. 
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having  the  ‘ outer  root,’  fig.  82,  x,  which  is  continued  from  the 

basirhinal  tract,'  ib.  h,  the  ‘ inner 
root,’y,  and  the  intermediate  ‘ per- 
forate body  or  tract,’  ib.  r : tlie 
lateral  ventricle  is  continued  into 
the  rhinencephalon  (fig.  79,  A). 


Lrimti.  d Curt'UB  «lrlatum. 

« Tatota  artnirlrc.  / Uiptn^-  major. 


Mcaencopbalon  and  Motion  of  rcrrbcUum, 
Agouti.  xxxii~. 


The  chief  brain-characters  of  the  Lhsencephala  arc,  the  non- 
extension of  the  cerebrum  over  tbc  cei-ebclliini,  the  paucity  and 

81  Si 


DaM;  of  the  brain,  Aguutb  .xxxii**.  Base  of  the  brain,  Porcupine  (Jfptfrix  cruto/d).  xxxix'’. 


• Port  of  ihc  ‘ natiform  protubcrancB  ’ or  ‘ lobe  of  the  hlppocampitb’ of  sonic  aiilhro- 
potoniisu. 

VOL.  III.  I 
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Kimplicity  of  foKls  cn  the  exposed  surface  of  the  hemispheres  in  a 
few,  their  al)scncc  in  most ; the  connection  of  the  two  hcmispliercs 
hy  a ‘corpus  callosum,’  as  well  as  by  the  ‘lyra’  and  ‘anterior 
commissure,’  the  absence  of  the  ‘ septum  lucid um,’  and  the  pro- 
jH)rtionally  large  hipj)ocampi  and  bigeminal  bodies. 

C.  Gyrcncrphala. — In  this  subclass  the  prosencephalon  is  rcla- 
gg  tively  larger,  extending  backward  more  or  less 

over  the  cerebellum  with  a concomitantly  de- 
veloped ‘ corpus  callosum,’  the  connection  of 
which  with  the  ‘ fornix  ’ is  now  maintained,  not 
only  by  the  ‘ lyra,’  but  by  the  attenuated  ver- 
tically extended  subjacent  parts  of  the  medial 
walls  of  the  lateral  ventricles  called  ‘septum 
lucidum,’  their  interspace  being  the  ‘ fifth  ven- 
tricle’ of  Antliro|)otomy,  fig.  1 18,  n. 

In  some  of  the  smallest  species  of  Gyrcn- 
cephahi  the  exposed  surface  of  the  cerebral  hemi- 
ijijjy  jjg  smooth,  or  with  few  and  simple 
fissures  (fig.  9G,  7/i/rux  ; fig.  101,  Traguhis  ; and  vol.  ii.  fig.  147). 
'riiis  state  does  not,  however,  relate  to  reduction  of  hemispheres, 

but  may  coexist  with  their 
extension  over  the  whole 
cerebellum,'  as  in  some 
small  Quadrumana,  fig. 
109,  and  Cnllithrix\ 

but  the  increase  of  super- 
ficial grey  matter  by  fissures 
and  folds  is  now  the  rule. 

Three  leading  pattenis  of 
convoluted  surface,  which, 
from  the  prevalent  direc- 
tion of  fissuring,  may  be 
tenned  the  ‘ oblique,’  ‘ lon- 
gitudinal,’ and  ‘ trans- 
verse,’ are  jircsented  by  the 
(Jyrcncephala,  and  arc  ex- 
emplified, respectively,  in 
the  ungulate,  unguictilate, 
and  quadrum.anous  divi- 
sions of  the  subclass.  Xot- 
wit!i8tanding,in  these  gene- 
ral variations  homologous 
I.XX-.  pi.  V.,  fi;;  2 (1836). 


Rnilu  uC  4ilruite.  xcvu\ 
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primary  convolutions  may  be  traced.  The  Proboscidia,^g.  108,  and 
Cetacea,  fig.  85,  show  excess  of  convolution  of  the  eerebral  surface. 

Erasistratus ' affirmed  the  convolutions  to  be  most  numerous  in 
the  brain  of  Man,  and  assoeiated  them  with  his  superior  intelli- 
gence. Willis  ’ jK)intcd  out  that  the  convolutions,  though  present, 
were  fewer  in  brutes  than  in  Alan;  that  the  Ape  had  more  of 
them  than  t’.T  Fox  or  Dog,  &c.  ; that  paucity  was  associated 
with  regidarity  and  symmetry  of  folding  and  with  more  definite 
and  limited  instincts,  while  the  want  of  symmetry  of  the  more 
richly  convolutetl  brains  was  associated  with  greater  diversity  and 


85 


Bnln  of  the  DoUibln,  Dtlphinus  Dt\phi$,  xxix" 


free<lom  of  mental  operations.  By  these  remarks  Willis  initiated 
the  comparative  anatomy  and  physiology  of  this  part  of  the  brain. 
Vicq  d’Azyr'*  noted  the  symmetry  of  the  convolutions  in  the 
brain  of  the  Monkey,  and  contrasted  it  with  the  want  of  such 
symmetry  in  Man.  Alalacarne  * first  defined  a i>articular  convo- 
lution, that,  viz.,  which  overlies  and  follows  the  contour  of  the 
corpus  callosum.  Ticdcmann  does  not  enter  upon  the  comparison 
of  the  convolutions ; but  he  first  showed  the  order  and  periods  of 
their  successive  appearance  in  the  human  brain.*  Serres®  stated 
them  to  be  too  inconstant  to  characterise  species  or  families  of 
Mammalia.  I early  made  observations  to  test  this  question,  and 
in  1833  I comnmnicated  the  results  in  regtird  to  the  convolutions 
of  the  cerebr-'in  in  the  Felidae^  distinguishing  the  ‘folds’  by 
letters,  and  e ‘ fissures  ’ by  figures ; * and  finding  that  their 

' XLIV.  ’ ;xi".  * -XLV.  ' XLVI".  ‘ XXX".  * XXXU".  ’ XI.VII". 

* This  mo<1c  of  nutntiuii  hna  been  reversed  bjr  a subsequent  author,  but  no  advan* 
tage  from  the  innovation  is  pointed  out,  or  rccnis  to  be  gained  therein/. 
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homologucs  could  be  traced  from  species  to  species  in  that  family,  I 
distinguished  mo.«t  of  them  by  names.  I further  entered  upon  their 
cla.ssification,  and  defined  the  ‘ primary  ’ and  ‘ secondary  ’ fissures 
and  folds,  showing  that  the  ‘ secondary  fissures  were  in  general 
less  symmetrical  than  the  primary  ones’  (xLVif.  p.  1-34),  and 
that  the  differences  observable  in  the  brains  of  the  Fe/ida:  were 
due  chiefly  to  the  absence  of  more  or  less  of  the  secondary  convo- 
lutions in  the  smaller  species  ; ‘ in  the  common  Cat  the  principal 
fissures,  or  anfractuosities,  are  less  obscured  by  fissures  of  the 
second  degree  than  in  the  larger  Felines’  (ib.  p.  13.1).'  I\I.  . 
Leurct,  in  citing  this  attempt  to  bring  the  convolutions  within 
the  domain  of  comparative  anatomy,’  has  extended,  in  association 
with  his  colle.ague,  M.  Gratiolet,  the  like  comparison  to  other 
species  and  families  of  Mammalia.  Foville’  arranges  the  cerebral 
convolutions  into  those  of  the  ‘ first,’  ‘ second,’  ‘ third,’  and  ‘ fourth 
orders,’  characterised  partly  by  position,  partly  by  direction  ; and, 
in  each  order,  they  are  subdiGded  into  ‘groups.’  This  system, 
b.oscd  mainly  on  the  study  of  the  parts  in  the  human  brain,  has 
its  utility  limited  to  Anthropotomy  ; the  comparisons  not  having 
been  carried  to  the  extent  requisite  for  defining  the  cerebral  fis- 
sures according  to  their  order  of  appearance  or  constancy  in  the 
M.ammalian  series.  Prior  to  the  appearance  of  both  these  works 
I had  continued  my  observations  as  opjwrtunities  presented  them- 
selves; and  gave  the  result  of  such  extended  comparisons  in  the 
Course  of  Lectures  delivered  at  the  Koyal  College  of  Surgeons 
of  England  in  1842:  my  diagrams  there,  in  which  homologous 
convolutions  arc  indicated  by  colours,  may  still  testify  in  part  to 
the  extent  to  which  the  comparisons  had  been  carried;  the  main 
aim  which  I had  in  view  being  the  determination  of  the  homolo- 
gous and  su])oradded  convolutions  in  the  more  complex  prosen- 
ccjihalon  of  ^Ian.‘ 

In  the  Carnivora,  to  the  rhinal,  figs.  90,  92,  S,  hippocampal,  fig. 

86,  4,  callosal,  ib.  7,  and  sylvian,  fig.  90,  s, 
fisstires,  arc  adde<l,  in  the  smallest  s[)ccics 
(J^uforiun),  the  fissures  8 and  14,  fig.  87. 
The  first,  commencing  near  the  posterior  part 
of  the  hemisphere,  at  ii,  extends  fonvnrd, 
equally  bisecting  that  part  of  the  surface 
between  the  interheniispheral  and  sylvian 
(s)  fissures,  then  bends  outward  par.allel 
with  and  in  front  of  the  sylvian  fissure.  That  marked  it  extends 


Inner surfArrnf  hcmlppbrre. 


' The  prellmiiiarj-  fckclch  of  the  Irslory  of  ihU  imrl  of  ccrchriil  niiati  my  in  from  the 
mih  Ix-cliirc  of  the  Iluiiterinn  coiirac  for  1842.  ’ .\i  f.  vol.  i.  p.  .380. 

■ xxv.  (1811).  ‘ ‘ MiUiciil  Times,'  Nov.  12,  1842,  vol.  vii.  p.  101. 
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On  the  occipital  surface  are  several  but  Irregular  fi.ssurcs, 
which,  from  their  position,  may  be  termed  mid-,  super-,  ent-,  and 
ptwt-occipital ; they  define,  more  plainly  in  Quadrumana  than 
in  ^lan,  the  lambdoidal,  fig.  119,  p,  suroccipital,  q",  midocci- 
pital,  q' , suboccipital,  q'" , and  postoccipital,  q",  folds.  On  the 
tentorial  surface  they  affect  a longitudinal  wavy  course,  and  are 
commonly  three  in  number;  of  these,  the  middle  one  is  the 
‘tentorial’  fissure,  fig.  120,  is,  the  inner  one  the  ‘ entotentorial,’ 
ib.  Is',  the  outer  one  the  ‘ ectotentorial,’  is".  On  the  surface 
next  the  falx,  or  septum  dividing  the 
hemispheres,  fig.  121,  the  fissures  have  a 
radiating  tendency  from  the  anterior  angle 
outward  : the  most  constant  and  important 
of  these,  in  Man,  has  already  received  the 
name  of  ‘ posthipfiocampal,’  being  a con- 
tinuation of  that  deep  fissure  the  corre- 
sjKinding  fold  of  which  partly  protrudes 
into  the  posterior  horn  of  the  ventricle, 
as  the  ‘ hippocampus  minor the  rest  I 
called  ‘ septal  ’ fissures,  reserving  the 
term  ‘ falcial  ’ to  those  on  the  corre- 
sponding surface  of  the  anterior  cerebral 
l<>l>c.  The  fissure  above  the  ‘ postbippocampal  ’ is  the  ‘ septal  ’ 
fissure,  19;  that  beneath  the  posthip|x)campal  is  the  ‘ subseptal,’ 
19";  the  fissure  between  tbe  septal  and  entolambdoidal,  13',  fis- 
sures is  the  superseptal,  19';  their  outer  ends  are  frequently  lost  in 
a fissure  following  more  or  less  extensively  or  interruptedly  the 
jiosterior  contour  of  the  posterior  lobe;  this  is  the  postscptal  fis- 
sure, 19'";  it  is  peculiar  to  Man.  The  folds  so  defined  on  the  sep- 
tal surface  are : the  entolambdoidal,  />',  superseptal,  s' , septal,  s, 
postbippocampal,  a',  subseptal,  s",  and  postscptal, 

The  human  brain,  in  its  development,  passes  through  stages  in 
some  degree  like  those  which  are  permanent  in  and  characteristic 
of  the  Quadrumana,  in  respect  to  its  cerebral  folds  and  fissures ; 
b'-‘  early  manifests  its  distinctive  archencephalous  projiortions, 
fig.  109,  Fmtus.  About  the  twentieth  week  the  fissures  begin  to  ap- 
j)ear  ujHin  tbe  upper  surface  of  the  hemispheres,  fig.  116,  three 
months’  Feetus.  After  the  ‘ hippocampal  ’ and  ‘ callosal  ’ have  cleft 
the  inner  surface,  and  the  ‘ ectorhinal  ’ and  ‘ sylvian  ’ the  under  sur- 
face, the  entolamlxloidal  ascen<ls  upon  the  mesial  side  of  the  upper 
surface  (fig.  116,  13);  the  postsylvian,  9,  appears;  then  a faint 
trace  of  the  longitudinal  fissure,  fig.  116,  14',  indicative  of  the 
midfrontal  and  ectofront.al  tracts.  The  ‘coronal,’  fig.  113,  12,  is 


Inner  or  septal  narfar-c  of  poateiior 
lobe,  buiuan  cerebrum. 
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speedily  followed  by  the  ‘ postsylvian  ’ 9.  A more  or  less  intcr- 
riiiited  fissure  divides  lengthwise  the  sylvian  or  supersylvian  fold, 
ih.  (],  from  the  median,  /,  and  medilateral,  m,  traets.  The  lamh- 
df)idul  fissure,  13,  extends  toward  the  outer  part  of  the  hemisphere : 
the  pre-eoronal  tract  of  brain  is  fissured  into  subdivisions,  chiefly 
longitudinal : the  foetal  brain,  at  seven  months,  figs.  1 1 3, 1 IG,  rcseni- 
hlcs,  in  superficial  cerebral  marking,  that  of  the  latistemal  apes,ih.. 
Chimpanzee,  but  is  broader  anteriorly,  deeper  and  longer  behind. 

In  the  foregoing  summary  we  have  seen  that  the  fissures  which 
break  the  surface  of  the  mammalian  brain  arc  of  difl'ercnt  kinds, 
degrees,  and  values.  Some,  in  the  course  of  development  and 
elevation  of  the  primary  masses,  divide  one  from  the  other ; as 
the  cerebrum  from  the  optic  and  olfactory  lobes,  the  cerelirum 
from  the  cerebellum,  and  this  from  the  macromyclon.  Some 
subdivide  jirimary  m.asscs  into  symmetrical  halves,  as  e.g.,  the 
inter-hcnilspheral  fissure,  the  inter-olfactory  fissure,  and  the  shal- 
lower Indent  between  the  mammalian  optic  lobes  or  ‘ nates.’ 
One  or  two  fissures  of  the  cerebrum  make  folds  that  project  into 
the  hcmispheral  cavity  or  ventricle,  e.  g.  the  hippocampal  and,  in 
M an,  the  jmsthipjxieampal : most  are  confined  to  its  crust  or  wall, 
and  of  these,  as  I showed  in  1833,  some,  from  their  relative  con- 
stancy, dei)th,  and  .symmetry,  may  be  termed  ‘primary,’  while 
others  are  of  ‘ secondary  ’ or  inferior  rank. 

The  following  are  those  which  are  noted  by  figures  in  the  illus- 
trations of  the  present  work  : — 


Crreural  Fissures,  in  the  order  mainly  of  their  constancy  in  ihc  Mammalia. 


Flgurpft. 

1.  Intcrhemi.«phcrnl. 

2.  Kctorhiiial. 

2\  Bosirhinal. 

3.  Kntorhinnl. 

4.  Hippocampal. 

V.  Posthippocampal. 

5.  Sylvian. 

6.  Marginal. 

f/.  Postmarginn!. 

6”.  Premargirial. 

7.  Callosal. 

7'.  Sapercallosal. 

8.  Supersylvian. 

8'.  Elctusylvian 

9.  Postsylvian. 


irigiirc*. 

I 9'.  Stihsylvian. 

10.  Medilateral. 

11.  Lateral. 

'l2.  Coronal. 

13.  Lambdoidal. 

13'.  Entolambdoidiil. 

14  Frontal  or  Postfrontal. 
14'.  Snpcrfront.il. 

14".  Midfromal. 

14"'.  Subfrontnl. 

14*.  Ectofroiiial. 

1.*$.  Ftilcial. 

|15'.  Stibraleial. 

16.  Orbital  or  Postorbital. 
16'.  Midorbital. 


|Fijniroi. 

16".  Entorbitnl. 

1 6'".  Ectorbital. 

16*.  Antorbital. 

17.  Occipital  orMidoccipilal. 
il7'.  Superoccipiml. 

17".  Entoccipital. 

17'".  Kctoccipital. 

1 7 “.  Postoccipital. 

18.  Tenlorinl. 

18'.  Entotentorial. 

18".  f^ioteniorial. 

19.  Septal. 

19'.  Siiperseptal. 

19".  Subiicplal. 

19"'.  Poslseplal. 


The  following  are  the  cerebral  folds  which  arc  indicated  by 
letters  in  the  illustrations  of  the  present  work,  with  the  synonyms 
of  original  labourers  in  this  field  of  anatomy  : — 
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Each  hemisphere  is  a hag  of  neurine  folded  or  laid  upon  its 
expanding  stem,  the  hollow  of  the  bag  being  the  ventricle.  This, 
in  the  embryo,  is  capacious  and  simj)le,  the  wall  being  very  thin. 
It  becomes  thickened  in  different  degrees  at  different  jtlaces,  most 
so  at  the  uj)per  and  outer  sides.  The  wall,  thus  thickened,  pro- 
trudes at  certain  parts  into  the  cavity,  dividing  and  shaping  it 
into  parts  or  recesses  which  Anthropotoiny  calls  ‘ horns,’  from  their 
curvature  in  Man.  In  lower  Mammals  the  primitive  cavity  com- 
monly retains  more  of  the  general  shape  of  the  hemisphere,  and  in 
most  Quadruraana,  the  lower  more  especially,  the  part  accom- 
panying the  broad  supracerebcllar  exjKinsion  of  the  hemisphere  is 
of  corresponding  capacity.  The  Orang,  among  Apes,  still  shows 
the  primitive  character  of  this  part  of  the  ventricle : in  the 
Chimpanzee  and  Gorilla  the  growing  walls  re<lucc  and  begin 
to  shape  it  as  a ‘ horn,’  showing  also  a beginning  of  a protu- 
berance within  it.  In  Archcncephala  the  moulding  of  the  ‘ pos- 
terior horn  ’ is  completed  by  the  jiredominancc  of  the  internally 
protruding  wall  (‘  partie  cnroulee,’  Leuret),  to  which,  now,  the 
term  ‘ hippocampus  minor,’  or  ‘ pcs  hippocampi  minor,’  rightly 
applies.'  The  fibres  of  the  stem,  augmented  in  number  at  c.ach 
accumulation  of  grey  reuniting  matter,  diverge  into  and  form 
the  main  part  of  the  wall  in  greatest  proportion  in  the  Lycn- 
crphala. 

The  stem  or  ‘ crus  ’is  fonned  by  the  prepyramidal  tracts,  fig.  66, 
p,  the  olivary  tracts  /',  the  terctial  and  postpyramidal  tracts,  fig. 
49,  T,  and  so  much  of  the  cerebellar  tracts,  fig.  66,  t,  as  may  not 
have  been  expended  in  the  formation  of  the  ‘ nates,’  h,  ‘ testes,’  n, 

‘ geniculate  bodies,’  y,  and  their  common  basis.  Thus  the  crus 
or  stem  of  the  hemisphere  includes  tracts  of  the  myelon,  connected 
respectively  with  the  sensory  and  motory  roots  of  the  nerves. 
The  part  of  the  ‘ crus  proscncephali,’  below  or  in  front  of  the 
‘ locus  niger,’  consists  of  white  fibres  in  a coarsely  ‘ fasciculate  ’ 
arrangement,  fig.  123,  d : the  part  above,  derived  from  the  terc- 
tial, jKistpyramidal,  and  cerebellar  tracts,  is  softer,  with  mixed 
grey  matter,  and  forms  the  ‘ tegmentum,’  ib.  c.  The  fasciculate 
fibres,  after  p.assing  through  and  being  reinforced  by  the  grey 
mutter  of  the  striated  body,  diverge  in  curves,  fig.  66,  c,  fig..l22,  s, 

' The  judicious  and  painstaking  anatomist  Gbatioi.et  seems  to  have  foreseen  some 
hue  misconcoptionR  of  liic  nature  of  the  hind  part  of  the  pritnitivo  ventriculiir  cavity 
ill  the  Qtmdnimnnous  hrain,  in  the  following  note  : — * Toiitefois,  il  ne  peut  etro 
considuru  comme  un  signe  iVeitUation^  car  il  c^t  bcnucoup  plus  grand  en  egard  a la 
purtie  enroiiIAo  du  vcntriculc  dans  les  singes,  ou  son  devL'Iuppcmcnt  cst  enorme,  que 
dans  rhonime,  ou  la  panic  cnroulcc  remporte  ^videmment  sur  luh  CcUc  rcmnrquc,* 
he  justly  adds,  * cst  d*unc  haute  importance.’  xl*.  vol.  ii.  p.  75. 
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fibres  of  the  great  commissure;  others, diverging  to  the  posterior 
lobes,  e,  h,  become  connected  or  continuous  with  the  longitudinal 
commissural  system  of  the  fornix.  Figure  123  is  a dissection  of  the 
inner  surface  of  the  hemis])here.  C is  the  section  of  the  corpus 
callosum,  the  fibres  of  which  diverge  upon  the  roof  of  the  ventricle, 
intersecting  the  radiating  fibres,  fig.  122,  s,  and  passing  into  all 
the  folds,  which  are  thus  brought  into  communication  with  those 
of  the  opposite  hemisphere.  The  fibres  of  the  ‘ callosal  ’ fold, 
fig.  123,  o,  o,  are  chiefly  longitudinal,  arc  continued  behind,  into 
those  of  the  hippocampus,  .and  in  front  into  those  extending  from 
the  fornix  upon  the  falcial  surface  of  the  anterior  lobe : externally 


of  which  many  bend  downward  and  outward,  suggesting  the  term 
‘ fibrous  ’ or  ‘ radiated  ’ cone  ; in  Man  they  are  traceable  chiefly 
in  the  sylvian,  postsylvian,  entosylvian,  supersylvian,  medilateral, 
medial,  and  marginal  folds,  and  into  the  major  part  of  those  of  the 
anterior  lobe,  fig.  122,  a.  The  tegmental  or  posterior  fibres  are, 
in  Man,  more  directly  connected  with  the  transversely  arched 

122 


iMMM-tton  rtf  rerebrum  and  ccrciK,!;i»«a,  from  the  rtoter  side,  xxxitr’. 
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they  fonn  the  ‘ superior  longitudinal  commissure,’  fig.  I22,o;  and 
fibres  are  traceable  from  botli  extremities  to  the  ‘ perforated  space,’ 
figs.  82,  120,  X.  The  dissection,  fig.  122,  shows  also  the  longitu- 
dinal fibres  extending  from  the  anterior  to  the  inferior  and  poste- 
rior lobes,  and  forming  the  ‘ external  longitudinal  commissure,’  c, 
above  which  arc  seen  part  of  the  radiating  fibres,  *,  interlacing  with 
those  of  the  corpus  callosum,  c. ; which  is  overarched  by  the  outer- 
most of  the  superior  longitudinal  commissural  fibres,  o.  Above 


12.1 


DI»*cctlon  of  itic  left  licoiUi'bere  of  thv  tiralii.  from  the  iitiier  ei<lc.  xxxiir*. 


these  arc  shown  the  fibres  which  mainly  form  the  convolutions,  but 
which  include  not  only  the  ‘ radiating  ’ fibres,  but  those  of  the 
‘ transversely  commissural  ’ and  Mongitudinallycommissural’  kinds: 
they  terminate  in  or  blend  with  the  grey  matter  which  forms  the 
outer  crust  of  the  hemisphere.  In  a section  of  this  substance  in  a 
recent  brain,  a white  line  is  seen  to  separate  it  into  two  layers,  as 
in  fig.  124.  More  closely  scrutinised,  the  following  strata  have 
been  defined  from  the  surface  downward  : — a thin  superficial  white 
layer,  a thick  reddish  grey  layer,  the  intermediate  wliite  layer,  a 
thicker  grey  layer,  a third  thin  white  layer,  and  the  deepest  grey 
layer  receiving  the  radiating  fibres  of  the  white  or  medullary  cere- 
bral neurine.' 


' In  the  contemporary  Reports  of  my  nnntcrian  Course  of  Eccturea,  IS42,  tlie 
chief  conrlusiona  of  the  comparative  anatomy  of  the  superficial  grey  substance  in 
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The  anterior  commissure — the  most  constant  of  tlic  trans- 
verse system — is  relatively  largest  in  Lyencephala,  figs.  69, 
73,  c.  In  the  human  brain  a similar  transverse  section  of  it 
shows  its  insignificant  dimensions,  fig.  123,  n.  Traced  trans- 
versely, in  them,  it  passes,  as  in  a special  canal,  across  the  lower 
part  of  the  corpora  striata,  bends  backward,  and  expands  as  it 
radiates  into  the  middle  of  each  hemi- 
sphere. It  indicates  the  small  part  of 
the  human  cerebrum  which  is  homolo- 
gous with  the  main  jiart  of  that  of  birds 
and  marsupials.  But  the  increase  of 
the  mammalian  over  the  avian  brain 
begets  the  added  structures  for  asso- 
ciation of  added  parts,  already  de- 
scribed. In  Man,  each  anterior  pillar 
of  the  fornix,  after  leaving  the  ‘ tha- 
lamus,’ descends  and  is  bent  upon  itself 
before  ascending,  the  bend  projecting 
at  the  base  of  the  brain,  behind  the 

. ^ . SfcUon  of  grey  Biitl  wbUo  ueurliic  of 

^ iniuDCubuiumy  as  the  * corpus  aloi-  proMDcepUBUc  couroiutious.  mhu. 
cans,’  or  ‘ mammillarc,’  fig.  1 28,  m. 

In  the  Lisseneephala,  where  a corpus  callosum  is  first  esta- 
blished, it  might  seem,  in  a dissection  from  below,  that  the  outer 
fibres  of  the  ‘ radiating  cone  ’ curved  over  the  lateral  ventricle, 
and  were  constricted  lengthwise  as  they  ran  into  each  other 
across  the  interhemispheral  fissure,  as  in  the  dissection  of  the 
Beaver’s  brain,  fig.  78  : but  it  is  deceptive.  There  is  no  actual 
continuity  of  any  of  the  ascending  radiating  fibres  of  the  crus 
cerebri  with  those  which  spread  out  in  transverse  curves  from  the 
corpus  callosum.  The  two  systems  are  everywhere  closely  inter- 
laced ; but  the  fibrous  character  of  the  commissural  series  is  lost. 


msiDinalian  brains  was  suniinarised  by  the  Reporter  for  the  ‘ Medical  Times,'  as  Tol- 
lows  : — ‘A  symmetrical  arrangement,  more  or  less  regular  or  complex,  can  always  bo 
traced  between  the  foldings  of  the  two  hemispheres,  and  the  more  regular  in  propor- 
_jipB  to  the  simplicity  of  the  convolutions  : the  foldings  of  the  cerebral  substance 
lollow  likewise,  both  in  the  embryonic  development  of  a complex  brain,  and  in  the 
progressive  permanent  stages  presented  by  the  mammalian  series,  a regular  determi- 
nate law:  some  eouvolutions  being  more  constant  than  others,  and  these  being  trace- 
able thiottgh  the  greatest  number  of  brains,  and  recognisable  even  in  the  human 
brain,  where,  at  first  sight,  they  are  obscured  by  so  many  accessory  convolutions.’ 
• The  Lecturer  then  demonstrated,  in  a considerable  number  of  prepared  brains  of 
dilTerent  animals,  and  in  a large  scries  of  diagrams,  in  uhicli  the  corresponding  con- 
volutions in  the  brains  of  dilLrent  animals  were  marked  by  the  same  colours,  the 
facts  establishing  this  important  generalisation.’ — The  Medical  Timee,  Nov.  12,  1842, 
vul.  vii.  p.  lUl.  Report  of  I3tli  Lecture,  delivered  May  16th,  1842. 
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under  the  microscope,  before  it  quits  the  ventricular  wall  to 
descend,  with  the  radiatinif  fibres,  into  the  crus.  From  this 
stape  in  tlie  mammalian  series  the  prcat  transverse  commissure 
prows  witli  the  prowth  and  complexity  of  the  hcmisjdiere.  It 
consists  mainly  of  white  or  fibrous  neurine,  but  some  grey  matter 
(‘  nucleus  lenticularis’)  is  superadded  to  the  inferior  fibres  external 
to  the  radiated  cone,  and  between  this  and  the  ‘ island  of  Keil  ’ 
there  is  also  a thin  layer  of  grey  neurine  (‘  nucleus  tatni®- 
fonnis  ’). 

Always  maintaining  its  closest  connection  with  the  part  of  the 
fornix  called  ‘ lyra,’  or  hij)j)ocampal  commissure,  whence  its 
development  began,  the  increasing  body  of  transverse  fibres 
extends  forward  and  upwartl,  with  a bend  or*  genu,’  fig.  123,C,  O, 
corresponding  in  extent  with  elevation  and  expansion  of  the  front 
lobes  of  the  cerebrum.  In  Man  its  narrow  anterior  beginning  is 
ctmnccted  by  the  * lamina  cinerca  ’ with  the  oj)tic  commissure, 
receives  a small  part  of  the  grey  substance  of  the  thalamus,  and 
sends  off  two  bands,  called  * jteduncles  of  the  coqnis  callosum,’ 
which,  diverging,  pass  backward  across  the  * perforated  space  * to 
the  lower  part  of  the  sylvian  fold.  The  corpus  callosum,  expand- 
ing as  it  rises,  bends  backward,  and  presents  on  its  upper  surface 
a me<lial  longitudinal  groeive,  called  * rajdie,’  bounded  laterally  by 
the  white*  stria;  longitudinales:  ’ it  terminates  behind  in  a slightly 
down-bent,  thickened,  free  border  or  * pad.’  Some  way  in  advance 
of  this  the  attachment  of  the  under  surface  of  the  corpus  callosum 
to  the  fornix  begins,  and,  as  the  heinis])hcres  increase  in  the  ])la- 
cental  series,  so  docs  the  extent  of  the  filmy  inner  walls  of  the 
lateral  ventricles  (*  septum  lucidum,’  Anthro.,fig.  12.3,  h)  between 
the  body  of  the  fornix  and  the  great  suj)cradded  transverse  com- 
missure, the  fibres  of  which  extend  over  the  nM)f  of  those  ventricles. 
The  most  intelligible  illustrations  of  the  comparative  anatomy  of 
this  interesting  part  of  the  cerebral  structure  is  obtained  by  dis- 
secting and  exjx)sing  the  lateral  ventricle  from  the  outer  side,  as 
in  the  views  of  the  brains  of  the  0[K>ssum,  Kangaroo,  and  Ass, 
showing  the  relative  jiroportions  of  the  hijqtocampus,  and  of  the 
part  of  the  inner  wall  distinct  therefrom,  called  * septum  lucidum,’ 
in  i.xx',  pi.  vii.  In  fig.  5,  the  vascular  fold  of  ]>ia  mater  called 

* choroid  plexus  ’ is  shown  |)assing  beneath  the  fore  j>art  of  the 

* t;enia  lii[i]M>campi  ’ through  the  canal  of  communication  between 
the  lateral  ventricles,  in  both  marsupial  and  placental  bniins. 
The  supraventricular  neurine,  being  folded  ujion  its  stem,  the 
cavity  is  a reflection  of  the  external  surface,  and  is  liiietl  by  a 
continuation  of  the  pia  mater,  although  the  fissure  by  which  it 
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enters  the  ‘ ventricle  ’ becomes  contracted  to  a very  small  extent 
of  the  base  exterior  to  tbe  crus.  From  this  point  begins  the  fold 
extending,  as  ‘ choroid  plexus,’  from  one  ventricle  to  the  other  by 
the  fissure  called  ‘ foramen  Monroianum  ’ in  Anthroj)otomy.  On 
the  interior  surface  of  the  hemisj)here  the  pia  mater  is  reduced  to 
an  epithelium,  the  cells  of  which  are  less  flat  in  the  lateral  ven- 
tricles than  in  that  continuation  therefrom  called  ‘ third  ventricle.’ 
The  part  of  the  interhemispheral  fissure  overarched  by  tbe  great 
transverse  commissure  is  the  ‘ fifth  ventricle.’  For  other  dif- 
ferentiated and  definite  jiarts  in  the  archencephalous  brain — 
the  subjects  of  the  ‘ bizarre  ’ nomenclature  of  Anthropotomy — 
reference  may  be  made  to  the  minute  and  exact  monographs 
which  have  been  published  on  that  part  of  the  human  structure. 

§ 209.  Size  of  Drain. — The  brain  grows  more  rapidly  than  the 
body,  and  is  larger  in  proportion  thereto  at  birth  than  at  full 
growth.  But  there  is  a difference  in  this  respect  in  different 
Mammalian  orders.  The  brain  of  the  new-born  Marsupial  is  less 
developed  relatively  than  in  higher  Mammals,  and  grows  more 
gradually  or  equally  with  the  subsequent  growth  of  the  body.' 
So,  in  the  degree  in  which  a species  retains  the  immature  character 
of  dwarfishness,  the  brain  is  relatively  larger  to  the  body  ; it  is  as 
1 to  25  in  the  pygmy  Petaurist,  but  is  as  1 to  800  in  the  Great 
Kangaroo ; it  is  as  1 to  20  in  the  Harvest  Mouse,  but  is  as  1 to 
.'500  in  the  Capybara ; it  is  as  1 to  60  in  the  little  two-toed 
Ant-eater,  and  is  as  1 to  500  in  the  Great  Ant-eater.  The 
brain  weighs  6 grains  in  the  Harvest  Mouse  (d/a»  messorius), 
and  the  same  in  the  Common  Mouse  musculus) ; but  tbe 

weight  of  the  Harvest  Mouse  is  112  grains,  whilst  that  of  the 
Common  Mouse  is  327  grains.  The  brain  of  a Porjx)ise,  4 feet 
long,  may  weigh  1 lb.  avoird. ; that  of  a Whale  (^Balanoptera)  100 
feet  in  length  does  not  exceed  4 lbs.  avoird.*  In  Artiodactyles  the 
brain  of  a pygmy  Chevrotain  ( Trapulus  ppgmeeus)  is  to  the  body 
as  1 to  80;  in  the  Giraffe*  it  is  as  1 to  800.  In  Perissodactyles 
the  brain  of  the  Hyrax  is  as  1 to  95,  whilst  that  of  the  Indian 
Khinoceros  Ls  as  1 to  764.^  The  brain  of  the  Elephant  may  be 
three  times  heavier  than  that  of  the  Rhinoceros,  but  a full-grown 
male  would  probably  weigh  down  four  Rhinoceroses.  In  Car- 
nivora the  brain  of  the  Weasel  is  to  the  body  as  1 to  90 ; in  the 
Grisly  Bear  it  is  as  1 to  500 ; in  Quadrumana  the  brain  of  the 

' LXXV',  p.  34T.  pi.  rii.  (igg.  9-12. 

' ScoRBSBT,  in  a Balana  of  65  feet  in  length,  found  the  weight  of  the 

brain  to  be  3 lbs.  12  oz. 

■ XCVI1-.  * v". 
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]\IiJas  Marmoset  is  to  the  hotly  as  1 to  20 ; in  the  Gorilla  it  is  as 
1 to  200. 

But  such  ratios  do  not  show  the  grade  of  cerebral  organisation 
in  the  Mammalian  class:  that  in  the  Kangaroo  is  higher  than 
that  in  the  Bird,  though  the  brain  of  a Sparrow  be  much  larger  in 
proj)ortional  size  to  the  body ; and  the  Kangaroo’s  brain  is  superior 
in  superficial  folding  and  extent  of  grey  cerebral  surface  to  that  of 
the  Petaurist.  The  brain  of  the  Elephant  bears  a less  proportion 
to  the  body  than  that  of  OiMssums,  Mice,  and  proboscidian  Shrews, 
but  it  is  more  complex  in  structure,  more  convolute  in  surface,  and 
■>vith  proj)ortions  of  pros-  to  mes-cncephalon  much  more  nearly 
those  in  the  human  brain.  The  like  remark  applies  to  all  the 
other  instances  above  cited. 

The  weight  of  the  brain,  without  its  membranes,  in  a full- 
grown  male  Gorilla  is  15  oz.  avoird.  I estimate  that  of  the  entire 
body  as  being  nearly  200  lbs. : in  the  relatively  larger  brains  of 
the  small  species  of  Quudrumana  the  convolutions  arc  fewer,  or 
may  be  absent,  as  in  Midas. 

In  Man  alone  is  a bulk  of  body,  greater  than  in  any  Quadru- 
inana  save  Gorilla,  associated  with  a large  size  as  well  as  with  the 
highest  stage  of  complexity  of  the  cerebral  organ.  This  is, 
j)crhaps,  the  most  notable  and  significant  fact  in  Comparative 
Anatomy. 

The  weight  of  the  brain  in  the  adult  male  averages  about 
49  oz.  avoird.,  and  ranges  from  about  35  oz.  to  65  oz.  In  the 
adult  female  the  weight  of  the  brain  averages  about  43  oz. 
and  a half,  and  ranges  from  32  to  54  oz.  The  mean  diflcrencc 
is  thus  about  five  ounces  and  a quarter.  The  brain  has  advance<l 
to  near  its  term  of  size  at  about  ten  years,  but  it  does  not  usu- 
ally obtain  its  full  development  till  between  twenty  and  thirty 
Years  of  age,  and  undergoes  a slight  decline  in  weight  in  advanced 
'life.' 

The  brain,  without  dura  mater,  of  an  Australian  female,  of 
5 feet  3 Inches  high,  weighed  32  oz. ; that  of  a Bushwonian, 
5 feet  high,  is  estimated,  in  Llli",’  at  30’75  oz.  In  European 
females  the  brain  has  been  found  as  low  in  size;  but  the  requisite 
observations  to  determine  the  range  and  the  average  of  cerebral 
development  have  hitherto  been  made  only  on  Europeans.’  The 
weight  of  the  brain  of  the  male  Hottentot,  3 lbs.  2 oz.  avoird., 
disse<  tcd  by  Wy.ma.n,*  encourages  the  expectation  of  analogous 

' If  ths  cspaciljr  of  a cranium  in  cubic  inchc«  lie  asecruined,  a fair  and  iiiMructive 
notion  of  llic  wtitjht  of  the  brain  may  be  obuiind  by  cstimalini;  that  of  a cubic  imU 
of  it  ni  2S9  i:  gtnini.  ’ i.vm  ' xi  ix",  i ",  im".  • i.t  m". 
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resulta.  The  human  brain  is  exceeded  in  weight  by  tliat  of  the 
Elephant  and  the  Whale,  but  is  absolutely  heavier  than  in  all 
other  animals.  In  the  projwrtionate  size  of  the  cerebrum  to  the 
cerebellum  the  human  brain  surpasses  that  of  all  Mammalia : it  Is 
as  8 to  1. 

The  brain  in  some  individuals  distinguished  for  intellectual 
power  has  been  found  of  unusual  size,  and  remarkable  for  the 
number  and  depth  of  the  cerebral  convolutions:  the  brain  of 
Cuvier  weighed  upwards  of  64  oz.  The  superficies  of  the 
cerebrum  of  the  mathematician  Gauss  was  estimated  by  Wagner 
at  341  square  inches,  while  that  of  an  ordinary  wage-man  was 
291  inches. 

We  know  not  the  size  of  brain  in  the  IMelanlan  inventor  of  the 
‘ throwing-stick,’  or  of  that  of  the  deductive  observer  of  the  pro- 
perties of  the  broken  branch  bent  at  the  angle  of  the  ‘ boomerang.’ 
Such  benefactors  of  their  race  were,  perhaps,  as  superior  to  ordi- 
nary Australians  in  cerebral  development,  as  the  analogous  rare 
exceptions  in  intellectual  power  have  been  found  to  be  among 
Europeans.’ 

§ 210.  Membranes  of  the  Brain. — The  encephalon,  like  the 
myelon,  is  immediately  invested  by  an  areolo-vascular  tunic 
called  ‘ pia  mater : ’ it  adheres  to  and  follows  all  the  foldings  of 
the  surface,  is  continued  into  the  ventricles,  and  there  forms 
processes  called  ‘ velum  interpositum’  and  ‘choroid  plexus.’  It  is 
the  area  on  which  the  vessels  undergo  the  requisite  degree  of 
diminution  for  penetrating  the  cerebral  substance ; and,  when  with- 
drawn, the  proportion  of  such  vessels  pulled  out  of  that  substance 
gives  the  flocculent  appearance  of  the  inner  surface  of  the  mem- 
brane which  Anthropotomy  calls  ‘ tomentum  cerebri.’ 

The  movements  of  the  brain  are  served  by  a delicate  serous 
sac,  called  the  ‘ arachnoid.’  The  outermost  membrane,  called 
‘ dura  mater,’  adheres  to  the  Inner  surface  of  the  cranium,  and 
consists  of  a dense  inelastic  fibrous  tissue.  It  sends  a process 
or  duplicature  inwards  between  the  cerebrum  and  cerebellum 
called  ‘ tentorium,’  and  a second  between  the  cerebral  hemi- 
spheres called  ‘ falx.’  In  the  Ornithorhynchus  a bony  j)Iatc 
extends  from  the  cranium  into  the  falx  (vol.  ii.  p.  323,  fig. 
204,  b).  a ridge  of  bone  extends  a short  way  into  the  ten- 
torium in  some  marsupials : it  is  thin  in  Kangaroos  and  Phalangcrs, 
thick  in  Thylacines,  but  of  le.ss  extent  here  than  in  the  Wolf, 
(vol.  ii.  p.  504).  In  the  Cachalot  a bony  plate  projects  from  the 

’ Tables  of  size  aod  weight  of  Mammalian  brains  will  be  found  in  xii,  xl;", 
zxxii’'. 

VOL.  III.  L 


Digitizj_d  by  GoOglc 


I4C 


AXATOMY  OK  VEIITEBRATES. 


supcroccipital  into  the  back  part  of  the  falx‘ : the  tentorium  re- 
ceives a bony  plate  in  many  Delphini.*  In  Seals  both  the  tento- 
rium and  hind  part  of  the  falx  are  ossified,  and  a thick  ridge 
enters  the  fore  and  under  j>art  of  the  falx  between  the  rhincncc- 
phalic  fossa:.  The  tentorium  is  ossified  in  the  Carnivora  to  the 
extent,  and  in  the  families,  noted  in  vol.  ii.,  where  the  conditions 
of  such  bony  plate  are  discussed  at  p.  506.®  A short  tentorial 
ridge  projects  anterior  to  the  cerebellar  fossa  of  the  petrosal  in 
Lemur  macaco.*  The  tentorial  margin  of  the  petrosal  is  slightly 
produced  in  Cehtis,  and  to  a greater  extent  in  Aides.  In  other 
Quadrumana,  as  in  Man,  the  sole  ossification  co-extended  with  any 
part  of  the  dura  mater  is  that  called  ‘ crista  galli  ’ in  Anthrojx)- 
tomy.  An  unossified  process  from  the  middle  of  the  posterior 
border  of  the  tentorium,  extending  from  the  internal  occipital  crest, 
projects  into  the  notch  between  the  hemispheres  of  the  human 
cerebellum,  and  is  termed  ‘ falx  minor  ’ and  ‘ falx  cerebclli.’ 

§ 211.  Nerves  of  Mammals. — The  olfactory  nerves  are  absent 
in  all  the  Cetacea  save  those  with  baleen,  in  which  they  are  few 
and  small;  they  are  present  in  all  other  Mammals,  and  arc  sent  oft 
in  greater  number  from  their  cerebral  centre — the  rhinencephalon 
— than  in  lower  Vertebrate  classes.®  The  Ornithorhynchus  is  the 

' XLIV.  p.  442.  ’ Ib.  No.  2500,  p.  453. 

' A more  extensive  series  of  comparisons  of  the  interior  of  the  sknli  has  tended  to 
rertif;  the  physiological  riew  entertained  at  the  period  of  the  pnhlication  of  the 
posthumous  edition  of  the  * Le9ons  d'Anatomie  Compart,’  of  Cuvier,  vol.  ii.  p.  290  ; 
voi.  iii.  p.  155.  * xi.iT.  p.  722. 

* Anthropotomists  stili  describe  the  connections  and  course  of  the  ‘crura  rhinen- 
cephnli  ’ as  the  origins  of  the  oifactorp  neive  ; although  thej  recognise  that,  ‘ unlike 
other  nerves,  a large  proportion  of  grey  matter  is  mixed  with  the  white  fibres,’  &c. 
(lxu".  vol.  ii.  p.  58.3,  I860),  and  might  rectify  the  notion  by  many  weightier 
anatomical  conditions.  Some  even  maintain  the  view  by  such  remarks  as  the 
following  : ‘ As  it  is  known  that  in  the  first  development  of  the  ear  the  peripheral 
part  or  vestibular  expanse,  os  well  as  the  rest  of  the  acoustic  nerve,  is  originally 
formed  by  the  extension  of  a hollow  vesicle  from  the  first  or  hindmost  foetal  encephalic 
compartment,  so  in  the  cose  of  the  crus  cerebri,  although  the  peripheral  or  distributed 
part  (crus  rhinenccjihali  or  olfactory  nerve)  is  of  separate  origin  from  the  hemispheric 
bulb,  this  latter  part  is  comparable  in  its  origin  with  the  acoustic  vesicle.'  I have 
paraphrased  the  argument  of  the  editors  of  lxu"  (vol.  ii.  p.  584),  to  show  that 
development,  as  a vesicle  in  connection  with  nervous  centres,  is  no  ground  of  homology 
or  homotypy.  Whenever  a false  homology  has  to  be  maintained,  the  earliest  and 
obscurest  phenometm  of  embryonal  development  arc  usually  resorted  to  in  support  of 
such  view. 

The  terminal  expansion  of  the  acoustic  nerve  is  in  an  organ  which  begins  os  ‘a 
follicle  or  hollow  vesicle;'  the  terminal  expansion  of  the  optic  nerve  is  also  in  a 
vesicle;  and  the  true  olfactory  nerves  expand  terminally  on  what  began  ns  a follicle  or 
vesicle,  which  form  is  retained,  little  altered,  in  Fishes.  The  vascular  pituitary 
membrane  supporting  that  expansion  is  the  bomotype  of  the  choroid  sup|)orting  the 
retina.  No  doubt  the  cerebellum  is  at  first  a vesicle,  as  is  the  optic  lobe,  and  the 
hemisphere,  and  the  olfactory  lube ; and  each  may  claim  to  be  regarded  as  the 
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sole  known  instance  of  the  olfactory  nerve  quitting  the  skull  by 
a single  foramen,  as  in  Birds  and  Lizards  (t.  e.  one  from  each  rhin- 
encephalon).  In  the  Echidna  the  contrast  in  the  vast  number 
of  nerves  and  the  concomitant  extent  of  the  ‘ cribriform  plate  ’ is 
extraordinary.  Those  from  the  grey  tract  proceed  to  ‘ Jacob- 
son’s organ.’  The  number  of  olfactory  nerves  and  extent  of  tbe 
pituitary  surface  on  which  they  spread  is  very  great  in  Marsupials. 
In  the  Insectivora  the  Hedgehog  is  most  remarkable  in  this  rcs[>cct. 
Both  Herbivorous  and  Caniivorous  Gyrencephala  have  numerous 
olfactory  nerves : some  of  the  Phocida  show  this  character  in 
excess.  The  number  of  the  olfactory  nerves  decreases,  with  the 
diminished  size  of  the  rhinencephalon,  in  Qiiadriimana,  up  to  Man, 
where  they  seldom  exceed  twenty  in  number,  and  are  least  in 
proportion  to  the  size  of  the  body.  They  become  flattened  and 
expanded  where  they  spread  upon  the  vascular  pituitary  mem- 
brane. 

The  optic  nerves  are  smallest  in  the  Moles  ( Tulpa),  largest  in  the 
Giraffe.  They  arise  from  the  bigeminal  bodies,  chiefly  from  the 
nates  and  optic  thalarai,  in  Lyencephala  and  in  some  Lissence- 
phala,  to  which  origin  are  superadded  in  other  Lissencephala  and 
in  Gyr-  and  Archencephala,  fibres  from  the  corpora  geniculata, 
along  the  tract  marked  d,  fig.  68.  In  the  groups  in  which  the  eyes 
are  relatively  largest,  Ungulata  and  Rodentia,  e.  y.,  the  larger 
proportional  size  of  the  homologue  of  the  optic  lobes,  fig.  68,  a,  is 
significant  of  its  important  relationship  with  the  originof  the  nerves 
of  vision  : the  ‘ thalami  ’ do  not  show  the  like  increase  ; their  larger 
size  in  Quadrumana  and  Bimana  relates  more  to  their  function  as 


recruiting  ganglia  of  the  prosencephalon.  The  optic  nerves,  never- 
theless, seem  to  be  derived  more  j2j 


wholly  from  the  ‘ thalami  ’ in 
Man  than  in  most  lower  Mam- 
mals, whence  the  Anthropoto- 
mical  name  of  those  parts.  This 
character  is  shown  in  the  foetal 
brain  at  the  fourth  month,  fig. 
12.5,  where  c shows  the  optic 
tract  quitting  the  thalamus,  e : 
the  optic  lobe,  f,  has  not  yet 


Origin  of  ojitlc  oerrem  Pmal  bnUn  at  four  merntb*. 


undergone  its  subdivision  into 


OCIL 


‘ nates  and  testes.’  The  liberated  nerves  bend  downward  and 


bomotjpe  of  the  eye-ballon  the  ground  taken,  in  lx  it"  for  viewing  the  olfactory 
balbe  aa  nerves,  and  not  os  encephalic  lobes.  The  grand  old  anatomists  had  truer 
Tieirs  of  these  ‘ processes  of  the  brain,’  as  on  some  other  points,  than  their  successors 
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forward,  converging  and  meeting  beneath  the  brain  at  their  con- 
fluence, called  ‘ chiasma  opticum,’  a,  b.  The  fasciculi  of  primitive 
fibres  are  here  arranged  as  shown  in  fig. 
126.  The  outer  ones,  b,  pass  onward  to 
form  the  outer  side  of  the  nerve  a,  the  middle 
fasciculi  cross  the  chiasma  obliquely,  and, 
after  decussating  the  corresponding  fasciculi 
of  the  other  tract,  continbute  to  the  formation 
of  the  opposite  nerve : the  inner  fasciculi 
curve  across  the  back  part  of  the  chiasma, 

Optic  clilMma;  Man.  ocii.  . • i i f 

and  are  continuous  with  the  corresponding 
fasciculi  of  the  opposite  tract,  being  strictly  ‘ commissural : ’ a 
similar  arrangement  prevails  with  a few  fasciculi  at  the  fore  part 
of  the  chiasma.  The  hinder  commissure  is  more  common,  and 
appears  as  a little  tamial  border  of  the  chiasma,  in  some  Mammals, 
down  to  the  rodents.  Pathology  gives  evidence  of  a partial 

decussation,  in  some  instances, 
as  in  the  preparation,  fig.  127  ; 
in  which  the  right  optic  nerve, 

a,  was  atrophied  ; the  left  one, 

b,  healthy ; with  a partially 
wasted  left  optic  tract,  c,  while 
the  right,  d,  retained  more  of 
its  normal  size.' 

The  Mammalian  chiasma 
ceases  to  show  the  laminated 
arrangement  (vol.  ii.  p.  122, 
fig.  47)  common  in  Birds  and 
Reptiles.  The  nerve,  beyond 
tbe  chiasma,  ha.s  a strong  neu- 
rilemma, which  sends  processes 
from  its  inner  surface  : in  some,  e.  g.  Cetacea,  converging  as  lon- 
gitudinal septa  from  the  circumference  to  the  centre  of  the  nerve  ; 
in  most  forming  longitudinal  canals  for  the  neurine,  and  giving  it 
the  character  of  a cylindrical  aggregate  of  tubes.  This  is  enclosed 
in  a sheath  of  dura  mater,  extending  to  the  sclerotic,  into  which 
it  is  partly  continued,  where  the  nerve  pierces  that  coat  of  the 
eye-ball.  Another  peculiarity  is  scon  in  the  small  artery  running 
along  the  centre  of  the  nerve,  and  ramifying  upon  its  tenninal 
expansion  as  the  ‘ arteria  centralis  retina;.’ 

' There  hare  been  coiei,  however,  where  the  tract  of  the  same  side  as  tbe  atrophied 
nerve  showed  more  wasting  than  that  of  the  opposite  side. 


Aimphtcd  right  optic  nerve  »nd  tract : llutnan.  cciL 
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In  some  Marsupials  the  optic  nerve  grooves  the  orbito-sphenoid, 
escaping  by  a cleft  continuous  with  the  fissura  laccra  anterior ' ; 
in  higher  Mammals  the  nerve  escapes  by  a special  ‘ foramen 
o|)ticum.’  The  extra-cranial  parts  of  the  nerves  are  remarkably 
long  in  Whales,’  and  in  all  Cetacea  they  diverge  from  the  cliiasma 


128 


Blue  of  bumm  brtlu,  wUh  orUflu*  of  nemrii  half  naiural  alM. 


at  a wide  angle,  fig.  60,  2,  2.  This  becomes  less  open  as  tlie 
Mammals  rise  to  Man,  fig.  128,  b. 

The  oculo-motor  or  ‘ third’  nerve,  fig.  60,  3;  fig.  128,  e,  and 

' XLiv.  pp.  323,  329.  » xoiv.  p.  387. 
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the  ‘ fourth,’ fig.  128,  </,  have  the  same  origin,  distribution,  and 
connections  with  the  sympathetic,  as  in  Man.  The  branch  of  the 
‘ third  ’ nerve,  which  runs  along  tlie  lower  part  of  the  eye-hall, 
between  the  ‘inferior’  and  ‘ external’  rectus  muscles,  and  suj>j)lies 
the  ‘ obliquus  inferior,’  is  connected,  usually  by  a short  thick 
cord,  with  a ‘ lenticular  ganglion  ; ’ but  this  is  not  so  well  defined 
in  some  Mammals,  and  the  ciliary  nerves  are  usually  fewer  than 
in  Man.  The  ‘fourth’  nerve  supplies  the  ‘obliquus  superior’ 
muscle.  In  tlic  Sheep  this  nerve  receives  some  branches  from  the 
ophthalmic  division  of  tlie  ‘ fifth  ’ nerve.  Uesides  the  ‘ rectus  e.x- 
temus,’  the  sixth  nerve,  fig.  128,y,  in  most  Mammals,  su[)plies 
an  additional  muscle,  the  ‘ retractor  oculi.’  The  ‘ fifth  ’ or  ‘ tri- 
geminal’ nerve,  fig.  128,  e,  e',  is  commonly  the  largest  of  the 
cerebral  nerves,  and  resembles  the  myelonal  nerves,  fig.  136,  in 
having  a ganglionic,  fig.  230,  9,  lo,  and  a non-ganglionic,  ib.  ii, 
jjortion,  the  latter  being  ‘ motory,’  supplying  muscles,  the  former 
distributed  to  sensitive  and  secerning  surfaces.  This  distinc- 
tion is  better  marked  in  Mammals  than  in  Birds  and  Ke]itiles: 
like  which,  however,  the  ganglion  is  single,  not  divided,  as 
in  most  Fishes  (vol.  i.  figs.  201,202).  The  size  of  the  ‘fifth’ 
nerve  relates  to  the  perfection  or  sensitiveness  and  aj)plication 
of  those  surfaces,  not  to  the  proportion  of  the  facial  to  the  cranial 
part  of  the  hc.ad.  Thus  we  find  the  fifth  or  trigeminal  nerve  of 
largest  relative  size  in  the  Ornithurhi/nclnts  paradojrns,  which 
uses,  like  the  duck,  it.s  beak  as  a tactile  instrument  in  the  detec- 
tion of  its  fiMsl.  Emerging  from  the  ganglion,  fig.  51,  o,  anterior 
to  the  pons,  ib.  c,  it  stsui  divides  into  three  bi-anchcs,  the  first 
and  second  appearing  ns  one.  The  first  and  smallest  division 
divides  into  two  equal  branches:  the  superior  or  ethmoidal  branch 
enters  the  nose,  combines,  in  part,  with  the  olfactory,  for  the 
service  of  the  pituitary  membrane;  but  mainly  emerges  from  the 
lULxal  cavity,  siqiplies  the  skin  at  the  upper  p.art  of  the  face,  and, 
by  a branch  continued  from  between  the  nasal  and  prema.xillary 
Imiiios,  is  distributed  to  the  nostrils  and  contiguous  integument. 
The  sec'ond  division  of  the  fifth  is  two  lines  broad  and  one  line 
and  a half  thick:  after  emerging  by  the  fi>ramen  rotundum,  the 
chief  part  of  it  p.asscs  through  the  ant-orbital  canal,  and  divides 
into  two  branches,  distributed,  the  one  to  the  n.asal  or  upjicr 
jmrictes  of  the  face,  the  other  to  the  lateral  or  labial  integuments. 
The  palatine  branch  divides  into  a jiosterior  smaller  nerve,  which 
passes  through  the  |K)stcrior  palatine  foramen : the  anterior  and 
larger  branch  emerges  from  the  anterior  palatine  canal,  and  supplies 
Jacobson’s  organ  at  the  fl<K)r  of  the  nose  and  the  palatine  membrane. 
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The  third  division  of  the  fifth  is  broader  but  thinner  than  the 
second ; it  leaves  the  cranium  by  the  foramen  ovale,  and  is  distri- 
buted as  usual,  mainly  to  the  sensitive  labial  integument  of  the 
lower  jaw,  fig.  3,  a,  a : its  uon-ganglionic  part  goes  to  the  mandu- 
catory muscles. 

In  the  Echidna  the  trigeminal  is  of  smaller  size,  and  its  first 
and  second  divisions  are  much  less  in  proportion  to  the  third, 
which  supplies,  from  its  ganglionic  part,  the  sensitive  and  seereting 
surface  of  the  long  tongue.  This  size  of  the  lingual  branch  of 
the  trigeminal  is  still  more  marked  in  the  Pangolins  and  Ant- 
eaters,  especially  in  Myrmecophaga  juhata.  A distinct  gustatory 
nerve,  communicating  ■with  a motory  ‘ facial  ’ nerve  by  a ‘ chorda 
tympani,’  is  a mammalian  characteristic  of  the  trigeminal.  In  the 
Hedgehog  the  nasal  branch  is  the  largest  of  the  first  division : 
after  dismissing  a few  ciliary  nerves  it  quits  the  orbit  and  enters 
its  special  canal  at  the  fore  part  of  the  large  cribriform  plate,  and 
divides  on  entering  the  nasal  cavity  into  the  external  and  septal 
branches,  the  latter  being  the  largest,  and  richly  spread  upon  the 
pituitary  membrane  of  the  septum  and  inferior  turbinal.  The 
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bulbs  of  the  vibrissne  in  the  Hedgehog  and  other  Inxectivora  use  a 
large  proportion  of  the  facial  branches  of  the  maxillary  and  man- 
dibular divisions  of  the  fifth.  In  Rodents  the  dental  branches  of 
these  divisions  are  large,  and  especially  the  nerves  sent  therefrom 
Ui  the  active  and  persistent  pulps  of  the  scalpriform  incisors ; and 
they  show,  especially  in  the  mandible,  a recurrent  course,  as  I 
found  in  the  dissection  of  the  Porcupine,  fig.  129,  ‘i.'  The  nasal 
and  labial  nerves  are  large  in  Moles  and  Shrews,  especially  the 
long-snouted  kind  (^Rhynchocyoii).  But  the  chief  jieculiarity  of 
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the  trigeminal  in  Talpida:  is  the  share  which  the  ophthalmic  divi- 
sion of’  the  ‘ fifth  ’ takes  in  the  function  of  the  reduced  eye-ball,  as 
a Warner  of  light  In  fig.  130,  a is  the  trige- 
minal, b the  ganglionic  part,  c the  third  or 
mandibular  division,  y the  second  or  maxillar)’ 
division,  d the  first  or  ophthalmic  division,  of 
which  the  branch  going  to  the  eye,  e,  is  large, 
while  that  going  to  the  nose,  g,  is  small, 
reversing'  the  ])roi>ortions  in  the  Hedgehog, 
In  many  Lissencrpltnla  the  part  to  which  the 
root  of  the  trigeminal  can  be  traced  makes  a 
small  prominence  on  each  side  the  fore  end  of 
the  ‘ calamus  scriptorius.’  In  the  Elephant 
the  Buperorbital  and  superficial  nasal  branches 
of  the  ‘ first  ’ division,  but  more  especially  the 
‘ facial  ’ branch  of  the  ‘ second  ’ division,  which 
emerges  from  the  antorbital  foramen,  present 
a large  size  in  relation  to  the  proboscis.  Tlie 
size  of  that  foramen  is  not,  however,  always 
indicative  of  that  of  the  nerve.  In  many 
Jiodentia  a part  of  the  masseter  traverses, 
with  the  antorbital  nerve,  the  foramen  in 
question,  which  is,  then,  enonnous,  as  in 
figs.  2.34,  238,  241,  t)  (vol.  ii.  p.  377).  The  dentary  branch  of  the 
maxillary  exceeds  that  of  the  mandibular  division  of  the  fifth  in 
the  Elephant,  to  meet  the  demands  of  the  persistent  matrix  of  the 
tusk.  But  this  difference  in  the  size  of  the  nerves  supplying  the 
upper  and  lower  jaws  is  maximised  in  the  lin/eenida;,  in  relation  to 
the  active  and  extensive  growth  of  baleen  in  the  upper  jaw,  and  the 
absence  of  teeth  or  their  substitutes  in  the  lower  jaw.  The  palatine 
nerves  supplying  the  baleen-pulj)s  are  as  thick  as  the  finger  in 
Balana  mgsticetus.  In  the  Porpoise  {Fhocann')  an  orbital  branch 
joins  a plexns  near  the  fore  part  of  the  orifice  of  the  eye-lids,  sent  off 
from  the  ‘ seventh  ’ or  facial  nerve,  from  which  union  branches  pass 
to  the  mu.scles  and  membrane  of  the  blow-hole.  The  maxillary 
branch  sends  off  a ‘ subcutaneus  malac,’  which  combines  with  the 
facial  nerves  to  supply  the  inferior  palpebral  muscle,  and  spread 
ujwn  the  hind  part  of  the  i)alpebral  opening.  There  are  five  or 
six  antorbital  branches  which  run  forward  between  the  maxillary 
periosteum  and  the  superincumbent  muscular  and  tegumentary 
layer,  emerging  to  spread  upon  the  latter  where  it  forms  the 
upper  lip  or  margin  of  the  mouth,  and  also  sending  a recurrent 
branch  to  the  blow-hole.  A large  branch  of  the  maxillary  passes 
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through  the  foramen  near  the  upper  opening  of  the  nasal  passage, 
and  ramifies  upon  the  plicated  membranes  of  the  blow-hole.  The 
dental  nerves  are  large  from  both  maxillary  and  mandibular 
divisions  of  the  fiftli : the  gustatory  branch  is,  relatively,  small ; 
and  sends  oflF  a filamentary  ‘ chorda  tjTnpani,’  which  may  be  traced 
to  the  trunk  of  the  facial,  and  is  connected,  in  its  course,  with  the 
carotid  plexus  of  the  sympathetic. 

In  liumiuantia  the  first  division  of  the  ‘ fifth  ’ subdivides  into 
frontal  and  nasal : the  latter  supplies  the  upper  j)art  of  the 
septum  and  the  superior  turbinal,  and  sends  a few  branches  to 
the  fore  part  of  the  nose,  which  meet  these  filaments  reflected 
from  the  second  division  of  the  fifth.  The  branches  to  the 
lacrymal  and  harderian  glands,  to  the  eyelids,  and  the  larger 
one  which  passes  out  of  the  orbit  to  the  integuments  of  the 
temple,  and  wliich  chiefly  supplies  the  hom-core,  or  the  growing 
antler,  may  be  traced  back  distinctly  to  the  Gasserian  ganglion. 
The  second  division  of  the  fifth,  escaping  by  the  foramen  ro- 
tundum,  sends  antorhital  branches  to  suj>ply  the  uj)pcr  lip,  the 
nostril,  and  the  pituitary  membrane  at  the  lower  j>art  of  the 
nose.  It  also  sends  oft'  the  lateral  nasal,  receiving  the  ‘ vidian  ’ 
nerve,  and  supplying  the  inferior  turbinal : lastly,  the  ‘ ]>alatinc  ’* 
and  upper  dental  nerves.  The  ganglionic  part  of  the  third 
division  gives  off  the  ‘ buccal  nerve,’  connected  with  an  ‘ otic 
ganglion,’  supplying  the  superficial  nuisclcs  and  skin  behind  the 
angle  of  the  mouth,  and  communicating  with  branches  of  the 
‘seventh’  or  facial  nerve;  the  large  branch  dividing  into  the 
inferior  dental  and  gustatory  nerves,  the  latter  receiving  the 
‘ chorda  tympani : ’ lastly,  the  external  auricular,  passing  behind 
the  mandibular  ramus, joining  the  middle  branch  of  the*  seventh,’ 
and  supplying  the  muscles  of  the  ear,  but  mainly  distributed  to 
its  sensitive  surfiicc.'  The  non-ganglionic  part  of  the  fifth 
supplies  the  temporal,  masseter,  and  pterygoid  muscles,  also  the 
mylohyoid  and  anterior  part  of  the  occijjito-hyoid  or  digastric : 
the  part  going  to  the  otic  ganglion  is  continued  therefrom  to  the 
internal  pterygoid  and  to  the  muscles  of  the  soft  palate.  A 
ganglion  called  ‘ submaxillary  ’ and  situated  near  the  deeper  part 
of  the  gland  so  named,  is  connected  by  filaments  with  the  gusta- 
tory nerve. 

In  Swan’s  dissection  of  the  cerebral  nerves  of  the  jaguar  he 
found  the  superior  nasal  sending  a branch  to  join  the  one  from 
the  lenticular  ganglion  to  form  ciliary  nerves,  and  then  pass 
forward  to  send  one  branch  into  the  nose  and  another  to  the  skin 
' See  disKction  of  the  trii;emiiinl  of  Sat,  in  liv,  |jI.  zxxii.  li^’.  3. 
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at  the  inner  angle  of  the  eye.  The  naso-palatine  received  the 
vidian  nerve,  and  the  ‘ spheno-palatine  ’ ganglionic  enlargement  was 
conspicuous  at  the  junction.'  The  largest  poition  of  the  maxillo- 
dental  nerve  supplied  the  great  canine  tooth.  The  gustatory  nerve 
gave  a branch  to  the  lining  membrane  of  the  mouth  and  passed 
forward  dividing  into  branches  which  communicated  with  the 
‘ ninth  ’ in  their  course  to  the  surface  of  the  tongue. 

Such  Quadrumana  as  have  been  dissected  with  this  view  show 
all  the  main  characters,  connections,  and  accessory  ganglions,  of 
the  fifth,  which  are  so  fully  described  in  late  works  on  the  anatomy 
of  Man.  The  apparent  origin  or  place  of  emergence  of  the  fifth  j 

nerve  is  at  the  middle  ‘crus’  of  the  cerebellum,  fig.  128,  c, /. 

The  smaller,  or  non-ganglionic  root  e' , being  sometimes  dinded 
by  a few  of  the  commissural  or  ‘ crural  ’ fibres  from  the  larger 
jwrtion  e.  Tliis,  fig.  1.31,  lo,  contracts  as  it  goes  into  the  sub-  j 

stance  of  the  niacromyelon,  and  may  be  traced  to  behind  the  oli- 
vary body,  ib.  3,  where  it  is  continu- 
ous with  the  teretial  and  restiform 
columns,  and  apparently  with  the 
grey  matter,  fig.  57,  g.  The  motor 
root,  fig.  131,  ii',  passes  into  the 
macromyelon  anterior  to  the  sensory 
root,  and  seems  to  go,  in  part  at  i 

least,  to  the  prepyramidal  tract ; but  I 

Stilling  traces  it  to  grey  matter  at  I 

the  floor  of  the  fourth  ventricle. 

The  recession  of  the  non-ganglionic 
from  the  ganglionic  roots  as  they 
sink  into  the  macromyelonal  sub- 
stance is  more  patent  in  some  Fishes 
(vol.  i.  p.  302). 

Hunter’s  dissection  of  the  human 
trigeminal  (xCLtV.  p.  189,  in  1754), 
in  which  he  discovered,  independently 
of  C’o^n7iiu«,the  nasopalatine  branch, 
led  him  to  enunciate  the  important 
principle  that  nerves  from  distinct 
origins,  supplying  a particular  organ, 
give  it  distinct  faculties.  The  nose 
receives  the  endowment  of  smell  from  its  peculiar  nerve — the 

' LIT.  pi.  xxxi.  fig.  3,  s.  Swan  also  rhows  it  in  the  calf,  pi.  xxxvi.  fig.  3,  u. 

Alcoc^k  found  the  spheno-palntine  ganglion  in  a rabbit,  dog  and  horse,  as  well  as  in 

ihc  cat  and  cow.  ccvui.  p.  28G.  j 
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UAcruiDXi'lon  and  origin  of  ilii*  Qfch  nerve* 
Mon ; uatunl  «Ue.  oo'tti. 
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olfactory ; ‘ the  other  nerv  es  of  this  part,  derived  from  other 
origins,  only  convepng  common  sensation.’  ‘ It  is  upon  this 
principle  the  fifth  pair  of  nerves  may  be  supposed  to  supply 
the  eye  and  nose  in  common  with  other  parts,  and  u]>on  the  same 
principle  it  is  more  than  probable,  that  every  nerve  so  affected  as 
to  communicate  sensation,  in  whatever  part  of  the  nerve  the  iin- 
I>res8ion  is  made,  always  gives  the  same  sensation  as  if  affected 
at  the  common  seat  of  sensation  of  that  particular  nerve,’  ib. 
p.  190.' 

The  nerve  which  is  homologous  with  the  ‘ ramus  opercularis 
seu  facialis,’  and  some  other  branches  of  the  non-ganglionic  part 
of  the  ‘ fifth,’  in  Fishes  (vol.  L p.  303),  is  more  distinct  in  its 
origin,  at  least  its  apparent  one,  in  Mammals,  and  is  reckoned  in 
Anthropotomy  as  a separate  cerebral  nerve,  under  the  name  of 
‘ facial,’  or  as  a part,  ‘ portio  dura,’  of  the  ‘ seventh  pair,’  with 
which  it  has  less  real  relation  or  connection  than  with  the  fifth. 
It  is  essentially  the  complementary  proportion  of  the  motory  or 
non-ganglionic  j>art  of  that  great  myelonal  nerve  of  the  head. 
In  fig.  131  is  shown  the  point,  behind  the  olivary  tract,  where 
the  facial,  is,  diverges  from  the  smaller  portion  of  the  motor 
division  accompanying  the  sensory  division  of  the  trigeminal : 
its  angle  of  divergence  is  wide,  and  its  place  of  emergence  is 
behind  the  ‘ pons,’  close  to  that  of  the  acoustic  nerve,  fig.  128,  g. 
It  enters,  therewith,  the  internal  auditory  foramen,  leaves  the 
acoustic  to  enter  its  own  canal  in  the  petrosal,  called  ‘ aqueiluct 
of  Fallopius’  in  Anthrojxitoiny,  passes  downward  behind  the 
tymjKinic  bone  (as  in  Birds),  and  emerges  by  a foramen  called 
‘ styhvmastoid.’  The  facial  nerve  supplies  the  muscles  of  the 
mouth,  nose,  eyelids,  ear-conchs,  and  the  cutaneous  rau.scles  of 
the  head  and  beginning  of  the  neck.  In  the  Porpoise,  the  facial 
neiwe,  on  quitting  the  petrosal,  gives  small  branches  to  the 
cutaneous  muscular  layer  of  the  ear-opening  and  parts  behind, 
communicating  with  filaments  of  the  cervical  nen'cs : a branch 
ramifies  on  the  mylohyoid  muscle.  From  the  trunk  of  the  facial 
a slender  nerve  passes  to  above  the  mandibular  joint,  then  bends 
forward,  enters  into,  and  receives  a filament  from,  a sympathetic 
plexus,  and  quits  it  to  join  the  third  division  of  the  fifth : this 
answers  to  the  ‘ chorda  tympani.’  The  trunk  of  the  facial  is, 

' One  of  the  obeerrations  ami  experiments  on  which  Hunter  founded  this  conclu- 
sion, is  giren,  in  Latin,  bjr  Sir  C.  Bell,  in  his  original  Esfay,  Lxir",  p.  II  (1811).  So, 
also.  Sir  Charles  writes: — ‘ The  key  to  the  natural  system  of  the  nenres  will  be  found 
in  the  simple  propotit'on,  that  each  filament  or  tract  of  nervous  matter  has  its  pecu- 
Itar  endowments  independently  of  the  others  which  are  bound  up  along  with  it,  and 
that  it  continnea  to  have  the  same  endowment  throughout  its  whole  length.’  lzv",  p.  70. 
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then,  continued  forward,  superficially,  along  the  slender  jugal 
bone,  toward  the  eye-opening,  supplies  the  ‘ angularis  oculi  pos- 
ticus,’ and  the  muscles  of  the  under  eyelid:  in  advance  of  this  it 
supplies  the  ‘ angularis  oculi  externus,’  and  forms  a large  plexus,  in 
connection  with  branches  of  the  trigeminal.  From  the  plexus  pass 
filaments  to  the  muscles  of  the  blow-hole  and  its  plicated  sacs. 

In  Mammals  with  a well  developed  parotid  the  facial  traverses 
that  gland ; it  divides  there  into  three  principal  branches  in  the 
Calf  and  Dog;*  whilst  in  the  Hog,  the  trunk  is  continued 
forward  to  near  the  fore  part  of  the  masseter,  before  di>-iding  into 
maxillary  and  mandibular  portions,  and  the  auriculo-palpcbral 
branches  come  off  more  separately  from  the  long  trunk.  In 
Qiindrumana,  as  in  Man,  the  chief  branching  of  the  trunk  takes 
]tlace  at  the  hind  margin  of  the  masseter  after  the  ]K).st-auricular 
nerve  is  sent  off : from  the  upper  of  the  main  divisions  p.ass  the 
nerves  to  the  tcm])le  and  eyelids  as  well  as  to  the  nose  and  upper 
lip.  A slight  enlargement  of  the  facial  near  its  entry  into  the 
‘fallopian  aqueduct’ — its  petrosal  canal — is  called  ‘geniculate 
ganglion,’  which  receives  a j)etrosal  branch  of  the  vidian  nerve, 
and  one  from  the  superficial  petrosal  which  unites  the  otic  gan- 
glion with  the  tympanic  nerve.  Prior  to  the  ganglion  the  facial 
is  connected  by  one  or  two  filaments  with  the  acoustic  nerve : be- 
yond the  ganglion  it  receives  a petrosal  filament  of  the  sympathetic. 
The  ‘ chorda  tympani,’  fig.  259,  e,  leaves  the  trunk  of  the  facial 
before  it  quits  its  canal,  enters  the  tympanum,  crossing  the  tym- 
panic bone  and  the  ear-drum,  behind  the  handle  of  the  malleus,  b, 
to  emerge  by  an  aperture  at  the  inner  end  of  the  ‘ glaserian 
fissure:’  then  passing  downward  and  forward  it  joins  the  gusta- 
tory. In  the  Horse  and  Calf  I traced,  in  1836,*  the  superficial 
petrosal  branch,  or  backward  continuation  of  the  vidian  nerve, 
fig.  132, /(,  into  the  seventh,  penetrating  its  sheath,  but  remaining 
distinct,  and  separating  into  many  filaments,  ib.  h,  with  which 
filaments  of  the  seventh  nerve,  ib.  b,  k,f,  are  blended,  and  a 
ganglion  formed,  ib.  (j,  by  the  supeniddition  of  grey  matter;  the 
chorda  tympani,  ib.  m,  is  here  continued  partly  from  this  ganglion, 
jiartly  from  the  seventh  or  portio  dura,  ib.  b.  I did  not  at  that 
time  distinguish  the  fasciculus,  b,  called  ‘ portio  intermedia  ’ of 
the  facial  from  the  main  trunk,  a.  The  chief  point,  however,  as 
to  the  ‘ chorda  tympani’  not  being  a branch  of  that  main  trunk 

' I.1T.  pi.  XXX.  fig.  3.  ’ lb.  fig.  2. 

* III  reference  to  the  expression  of  Hunter,  relative  to  the  chorda  tympani,  ‘ I am 
almost  certain  it  is  not  a brunch  of  the  seventh  pair  of  nervea,  but  the  last  described 
branch  from  the  fifth  pair.’  xciv.  (1837)  p.  194,  and  * Note  a.* 
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of  the  facial,  receives  corroboration  from  tlie  special  researches  of 
Morganti  ‘ into  this  intricate  and  difficult  part  of  neurotomy. 

In  the  subjoined  diagram  of  the  ]^2 

result  of  his  dissections,  fig.  132,  the 
jKjrtio  intermedia,  b,  is  separated  from 
the  vestibular  division  of  tbe  acoustic 
c,  and  from  the  main  trunk  of  the 
facial  a,  with  both  of  which  it  lies  In 
close  contact.  The  filament  d connects 
b with  c,  and  receives  one  from  the 
latter.  Two  filaments  e connect  the 
‘ intermediate’  with  the  main  portion 
of  the  facial,  a.  Tbe  intermediate 
portion  is  resolved  into  filaments,  b, 
before  joining  the  ganglion,  g,  the 
nature  of  the  ‘ grey  or  ash-coloured 
tissue  ’ of  whicl,  has  been  established  ‘XTn 

by  the  microscopic  demonstration  of  ’ 

tlie  ‘ ganglion-corpuscles’  (lxvi",  p.  549).  With  this  ganglion 
arc  connected  the  superficial  petrosal  branch  of  the  vidian,  h,  from 
the  spheno-palatine  ganglion,  and  the  smaller  1.13 

nerve,  i,  from  the  ‘ otic  ganglion  : ’ filaments  k, 

I,  from  the  facial,  a,  and  the  chorda  tympani,  vu 
Morganti,  however,  ti'aces  a filament  n to  that 
nerve  directly  from  the  facial. 

In  the  Sheep,  fig.  133,  the  ‘ portio  inter- 
media ’ b,  is  more  closely  connected,  by  d,  with 
the  acoustic  nerve,  c ; and  sends  a shorter  and  noiuioTn  of  uio  chord* 
thicker  division  to  the  ‘geniculate  ganglion  to  the 'MTcnth' ncmi 

1 i*i>*  !•  1 -I  • Sheep,  magtiined  two  dia 

g,  by  which  it  is  more  directly  continued  into  mourr,.  t-xvi-. 
the  ‘ vidian  ’ branch  e ; the  ‘ chorda  tympani,’  f,  being  continued 
mainly  from  the  ganglion,  but  also,  in  a smaller  degree  from  the 
facial,  a.  The  branch  from  the  ‘ portio  intermedia,’  b,  I described 
as  the  ‘ vidian  ’ crossing  the  ‘ portio  dura,’  a. 

The  acoustic  nerve,  fig.  131,  is,  rises  from  the  floor  of  the 
fourth  ventricle,  chiefly  in  connection  with  grey  matter  consti- 
tuting the  ‘ acoustic  nucleus.’  The  nerve  consists  of  an  anterior 
and  posterior  portion  the  course  of  which  is  more  oblique  in  Man 
than  in  most  Mammals  owing  to  the  great  thickness  of  the  cere- 
bellar crus,  ib.  7.  In  the  Cat  the  posterior  root  is  very  large,  is 
a thickened  band  of  fibre  from  the  fusiform  cells  of  the  posterior 
portion  of  the  nucleus ; the  band  passes  along  the  floor  of  the 
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fourth  ventricle,  joining  fasciculi  from  the  cerebellar  crus  and 
those  of  the  anterior  root.  This  ‘ consists  of  two  portions,  of 
which  the  chief  penetrates  the  medulla  beneath  the  rcstiform 
body  and  enters  both  parts  of  the  acoustic  nucleus : the  other 
portion  runs  backward  along  the  upper  border  of  the  restifomi 
lusly,  which  it  accompanies  over  the  superior  peduncle  to  the 
inferior  vermifonn  process  of  the  cerebellum.’  * The  ‘ flocculus,’ 
fig-  64,  n,  with  which  the  acoustic  nucleus  is  connected,  is  large 
in  the  Cat,  the  Aye-aye,  the  timid  Rodents,  and  all  the  small 
Mammals  with  acute  hearing;  it  is  relatively  small  in  the  Sheep 
and  most  Ungulates. 

The  acoustic  nerve  quits  its  origin  in  contact  with  the  facial, 
fig.  128,^,  a small  artery  to  the  labyrinth  runs  between  them: 
it  takes  a short  course  to  the  ‘ meatus  internus,’  longer  in  Cetarra 
than  in  other  Mammals,  receives  a filament  or  two  from  the 
intermediate  part  of  the  facial,  figs.  132,  133,  d,  on  entering  the 
meatus,  and  then  divides.  The  part  penetrating  the  fore  half  of 
the  cribriform  plate  supplies  the  cochlea ; its  large  size  is  a mam- 
malian characteristic,  and  is  most  remarkable  in  the  Cetacea  : the 
jx)sterior  division,  answering  to  the  main  part  of  the  acoustic  in 
lower  Vertebrates,  is  spent  upon  the  vestibule  and  semicircular 
canals. 

The  eighth  cerebral  nerve,  in  anthropotomical  enumeration, 
includes  the  three  nerves  called  ‘ glosso-pharyngeal,’  ‘ vagal,’ 
fig.  128,  h,  and  ‘spinal  accessory,’  ib.  /.  The  roots  of  the  glosso- 
pharyngeal arc  traceable  to  a nucleus  of  grey  matter  at  n,  fig,  57. 
The  vagal  nuclei,  ib.  h,  are  forward  (in  Man  upward)  extensions 
of  the  grey  or  vesicular  myelonal  columns  from  which  the  spinal 
accessory  rises : they  lie  on  each  side  of  the  hypoglossal  nuclei, 
ib.  g,  on  the  fl(x>r  of  the  fourth  ventricle,  but  are  united  by  the 
commissure  forming  the  roof  of  the  central  canal  before  this  opens 
into  the  ventricle : higher  up  the  vagal  roots  penetrate  the 
‘ caput  cornu,’  like  the  posterior  or  dorsal  myelonal  roots.  There 
is  a partial  decussation  at  the  raphe. 

Both  glosso-pharyngeal  and  vagal  nerves  emerge  at  the  angle 
between  the  olivary  and  restiform  tracts  of  the  macromyelon, 
h,  h,  fig.  57,  and  are  soon  joined  by  the  aggregate  of  the  roots  of 
the  ‘ spinal  accessory  : ’ these,  commencing  at  about  the  fifth  cer- 
vical, advance,  between  the  dorsal  roots  of  the  cervical  nerves 
and  the  ligamentum  denticulatum,  gathering  successive  slender 
accessions,  all  of  which,  originating  as  above  defined,  emerge  at 
the  dorsal  border  of  the  restiform  tract. 

The  glosso-j)haryngcal  is  relatively  smaller  in  Mammals  than 
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in  Birds  (vol.  ii.  p.  124),  is  mainly  distributed  to  the  back  part 
of  the  tongue  and  to  the  pharynx  in  all  Mammals ; jiasslng  thence 
to  the  ‘ flocculus  ’ in  its  way  to  the  jugular  foramen,  it  retains  its 
])roper  fibrous  sheath,  and  usually  presents  the  two  enlargements 
called  ‘jugular’  and  ‘ petrous  ’ ganglions,  before  emerging  from 
the  skull.  From  the  petrous  ganglion  a filament  enters  the 
tympanum,  where  it  joins  a plexus  from  the  sympathetic,  and 
supplies  the  membrane  continued  into  the  custachian  tube.  The 
pharyngeal  branches  arc  joined  by  filaments  from  the  vagus  and 
sympathetic  to  form  the  pharyngeal  plexus.  Filaments  are  sent 
to  the  tonsils  and  fore  part  of  the  epiglottis ; those  to  the  tongue 
supply  the  muscles  at  its  base  and  the  mucous  membrane  cx)vering 
the  base  and  sides  of  the  tongue,  some  filaments  terminating  in 
the  fossulate  papilla;. 

In  the  Porpoise  the  glosso-pharyngeal  divides  at  its  exit  from 
the  skull  into  a smaller  and  larger  branch.  The  former  is  dis- 
tributed to  the  sphincter  of  the  lower  or  palatal  part  of  the  nasal 
canal,  and  unites  there  in  a plexiform  way  with  a branch  of  the 
vagus.  The  larger  division  supplies  the  palate  and  base  of  the 
tongue,  and  the  muscles  between  the  pyramidal  larynx  and  the 
hyoid.  Some  filaments  pass 
to  the  anterior  ganglion  of  the 
sympathetic. 

The  glosso-pharyngeal  is  fi- 
, in  Liv.  pi.  xxxi.  fig.  2, 

9, and  pi.  xxxii.  fig.  3,22  (^os), 
showing  its  communications 
with  the  ‘ vagus  ’ and  sympa- 
thetic ; also  ib.  ib.  fig.  3,  is 
{Felix)  showing  connections 
>vith  the  gustatory  branch  of 
the  trigeminal.  In  fig.  134, 
from  the  human  subject,  the 
emergence  of  the  glosso-pha- 
ryngcal,  4,  from  the  post-pyra- 
midal, c,  and  post-myelonal,  g, 
tracts  is  shown  at  2 : the  petro- 
sal ganglion  and  connecting 
filaments  with  thatof  theupper 
vagal  ganglion  at  8 and  lo : 

7 is  the  auricular  branch  of  the  vagus,  9 the  ‘ ramus  anastomo- 
ticus’  of  Jacobson,  13  the  trunk  of  the  glosso-pharyngeal. 

The  vagus,  fig.  134,  3,  or  ‘ pneumogastric  ’ from  the  important 
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organs — the  lungs  and  stomach — which  itsupjdics,  sends  branches 
also  to  the  larynx,  trachea,  and  heart.  As  in  other  Vertebrates, 
it  has  the  longest  course,  widest  distribution,  and  most  numerous 
connections,  of  any  of  the  cerebral  nerves;  but  is  noted,  in  Mam- 
mals, by  receiving  the  accessory  nerve,  ib.  5,  ii,  12,  from  a greater 
extent  of  the  inyclon  : the  recurrent  branches  of  the  vagus  are 
more  exclusively  distributed  to  the  trachea  and  larynx,  and  send 
a smaller  supply  of  nerves  to  the  oesophagus  than  in  Birds  or 
Ke])tiles. 

From  the  remarkable  length  of  the  neck  of  the  Giraffe,  the 
condition  of  the  recurrent  nerves  attracted  my  attention  in  dis- 
secting that  animal:  they  were  readily  distinguishable  at  the 
ujjpcr  third  of  the  trachea,  but  when  sought  for  at  their  usual 
origin,  this  was  less  obvious.  Each  nerve  was  not  due,  as  in  the 
short-necked  ^Mammals,  to  a single  branch  given  off  from  the 
vagus,  continued  of  uniform  diameter  round  the  contiguous  great 
vessel  and  throughout  their  recurrent  course,  but  it  received 
several  small  filaments  derived  from  the  trunk  of  the  vaffus  at 
different  parts  of  its  course  along  the  ncck.‘  Branches  of  the 
superior  laryngeal  nerve  directly  perforated,  as  in  some  other 
quadrupeds  and  in  the  Porpoise,  the  thyroid  cartilage,  and  were 
joined,  in  a greater  proportion  than  in  Man,  by  branches  of  the 
recurrent,  before  distribution  to  the  laryngeal  muscles,  of  which, 
however,  the  crico-thyroid  owes  its  supply  chiefly  to  the  ujipcr 
laryngeal  and  the  rest  to  the  rccurrents.  In  Quadnimana,  as  in 
Man,  the  internal  laryngeal  perforates  the  thyrohyoid  membrane 
at  the  interval  between  the  hyoid  bone  and  thyroid  cartilage. 
The  upper  laryngeal  is  proportionally  larger  in  the  Orang, 
Chimpanzee,  and  Gorilla,  and  mainly  supplies  the  capacious 
laryngeal  sac  in  those  apes. 

In  the  Porpoise  the  left  recurrent  winds  round  the  end  of  the 
arch  of  the  aorta,  near  the  remains  of  the  ductus  arteriosus ; 
the  right  recurrent  winds  round  the  subclavian  immediately 
before  the  origin  of  the  posterior  thoracic : both  rccurrents  send 
filaments  to  the  re.<ophageal  plexus  from  the  sympathetic  on  their 
forward  course  to  the  larynx.  After  the  origin  of  the  rccurrents, 
the  vagal  trunk  sends  off  the  cardiac  branch,  which,  uniting  with 
sympathetic  filaments,  forms  the  plexus  supplj-ing  the  heart. 
Next  are  sent  off  the  nerves  to  the  bronchial  plexuses;  finally 
the  vagal  trunks  pass  with  the  wsophagus  through  the  diaphragm, 
the  left  on  the  ventral,  the  right  on  tlic  dorsal  side,  and  combine 
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with  branches  from  the  sympathetic  to  supply  the  complex 
stomach  and  the  numerous  spleens. 

Most  Mammals  exhibit  the  grey  enlargement  of  the  vagus  after 
its  exit  from  the  jugular  foramen,  but  less  distinctly  divided  into 
an  upper,  fig.  134,  6,  and  lower,  ib.  is,  ganglion,  than  in  Man. 
The  principal  branches — e.  g.  7,  auricular;  lo, interganglionic ; 15, 
pharyngeal,  deriving  one  filament,  16,  from  the  vagus,  the  other, 
17,  from  the  ‘ spinal  accessory  ; ’ 19,  20,  superior  laryngeal,  the  re- 
current, cardiac,  pulmonary,  oesophageal,  and  gastric — are  the 
same  as  in  Man,  likewise  their  connections  with  contiguous 
nerves,  and  especially,  as  by  the  ‘ filaments,’  21,  22,  with  the  upper 
sympathetic  ganglion. 

The  spinal  accessory,  besides  its  portion,  ib.  11,  blending  with 
the  trunk  of  the  vagus,  distributes  branches  to  the  trapezius, 
ma^tovhumeralis,  and  sterno-maxillaris,  in  Ungulates;  to  the 
cleido-cucullaris  and  cleido-mastoideus,  in  Carnivores ; and  to  the 
trapezius  and  sternomastoid  in  Quadrumancs  and  Man.  The 
condition  of  existence  of  a spinal  accessory  is  not  the  extension 
of  muscles  from  the  skull  to  the  thorax  for  the  acts  of  respiration, 
but  the  general  homology  of  the  scapular  arch  as  the  hxmal  one 
<if  the  occiput : accordingly  the  nerve  is  found  in  all  Vertebrates ' ; 
and  only  when  the  development  of  the  appendage  of  that  arch 
calls  for  its  displacement,  and  attracts  for  the  manifold  motive 
.and  sensitive  requirements  of  the  limb,  successive  nerve-bundles 
from  the  part  of  tlie  myelon  co-elongating  with  the  neck,  are  the 
root-filaments  of  the  ‘ accessory  ’ drawn  down  beyond  their 
normal,  intercranial,  place  of  origin,  as  at  5,  5,  fig.  134. 

The  macromyelonal,  by  some  called  ‘ respiratory,’  centres,  to 
which  the  origins  of  the  several  divisions  of  the  ‘ eighth  pair  ’ 
have  been  traced,  are  connected  by  means  of  longitudinal  fasciculi 
and  cell-columns,  continuous  with  those  in  the  cervico-dorsal 
regions  of  the  myelon,  with  the  trigeminal  nerves,  and  with  both 
anterior  (lower  and  middle  niots  of  the  ‘ accessory’)  and  posterior 
cornua  of  the  myelonal  grey  matter,  fig.  40,  g,  h : thus  minis- 
tering to  a series  of  motions,  both  direct  and  reflex,  of  high 
importance. 

The  roots  of  the  ninth  or  hy|K)glossal  nerve  may  be  traced  to 
groups  of  nerve-cells  in  front  of  the  central  canal,  ib.  b,  just 
above  the  upper  cervical  nerves,  apparently  a continuation  of  the 
cell-columns  from  which  the  ventral  or  motor  roots  of  the  sjnnal 
nerves  arise  ; some  of  the  roots  decussate  at  the  raphe,  but  most 

' For  the  homologne  of  this  nerve,  see,  in  Fishes,  vol.  i.  p.  307  i in  Reptiles,  ib.  p. 
313  ; in  Birds,  voL  it  p 125. 
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of  them  sink  deep  into  the  nucleus.  They  are  connected  wth 
each  other,  with  the  roots  of  the  vagus,  and  with  those  of  the 
spinal  accessory  by  means  of  large  multijtolar  cells.  In  the 
Giraffe  the  lower  roots  emerge,  like  a small  ‘ accessory,’  from 
the  cervical  part  of  the  myelon. 

The  main  roots  of  each  hypoglossal  quit  the  macromyelon,  be- 
tween the  prepyramid  and  olive,  figs.  81,  82,  9,  usually  in  two 
bundles,  which  escape,  in  many  Marsupials,  by  two  precondyloid 
foramina:  but  in  most  Mammals  the  bundles,  perforating  sepa- 
rately the  dura-mater,  pass  out  by  a single  precondyloid  foramen, 
and  then  unite.  The  nerve  is  closely  connected  with  the  vagus, 
and  contiguous  cervical  ganglion  of  the  sympathetic,  passes 
between  the  carotid  and  jugular,  then  forward  between  tlie  basi- 
hyal  and  hyoglossus,  and  is  continued  into  the  substance  of  the 
geniohyoglossus  beneath  the  tongue  to  its  tip. 

In  the  Porpoise  a small  branch  of  the  ‘ ninth  ’ is  distributed  to 
the  sphincter  muscle  of  the  posterior  nostril,  before  the  supply 
to  the  muscles  of  the  hyoid  and  tongue  is  sent  off  from  the  main 
part  of  the  nerve-trunk,  which  is  relatively  small  in  Delphinidce. 
In  the  Giraffe  the  motor  nerve  of  the  tongue  is  larger  in 
proportion  to  the  body  than  in  the  Ox : it  is  largest  in  the 
Pangolins  and  Anteaters,  in  relation  to  the  great  length  of  the 
tongue,  and  frequency  and  extent  of  its  muscular  motions.  As 
the  size  of  the  ‘ ninth  ’ governs  that  of  its  special  outlet  from 
the  skull,  the  precondyloid  foramen  indicates  that  the  great  ex- 
tinct tree-uprooting  Sloths  {Mpludon,  Megatherium)  applied  a 
long  flexible  prehensile  tongue  to  the  plucking  off  the  branches 
of  their  prostrated  aliment,  in  a greater  degree,  even,  than  is  now 
witnessed  in  the  Giraffe.' 

Among  the  connections  of  the  ninth  are  some  with  branches 
of  the  superior  laryngeal  to  the  sterno-hyoid  and  sterno-thyroid, 
associating  the  movements  of  the  tongue  with  those  of  the 
larynx.’  In  Quadrumana  the  cervical  branch  a.ssumes  more 
the  characters  of  the  ‘ descendens  noni  ’ of  Anthropotomy,  and 
supplies  the  additional  differentiated  muscles  of  the  hyoid.  The 
ninth,  tike  the  ‘ accessory,’  is  essentially  a motor  nerve,  and  I have 
not  seen  a distinct  ganglionic  or  dorsal  root  in  any  Mammal. 

The  last,  lowest,  or  hindmost,  of  the  motory  nerves  of  the 
head  is  that  which  supplies  the  muscles  of  the  occipital  or  fourth 
haimal,  or  scapular,  arch  ; and  the  origins  of  which,  fig.  134,  5,  !S, 
in  the  course  of  growth  of  the  neck  and  cervical  part  of  the 

' For  the  Ii)tbt  which  majr  be  derived  from  both  nervous  and  arterial  foramina  in 
the  interpretation  of  foasil  bones,  see  xcv',  pp.  37,  57,  pis.  r\,  Tii.  xvi.  fig.  2,  e. 

* A good  view  of  the  distribution  of  the  ' ninth’  in  the  Jaguar  is  given  in  liv,  pi. 
xxxi.  fig.  3)  10. 
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myelon  are  drawn  down  beyond  the  cranium.  In  the  Vertebrates, 
retaining  the  typical  connections  of  the  arch,  the  homologue  of 
the  ‘ spinal  accessory  ’ retains  its  cranial  place  of  origin,  as  well 
as  the  connections  with  the  ganglionic  or  sensory  part  of  the 
nerve.  The  next  cranio-motory  nerve,  in  advance,  is  that  which 
supplies  the  muscles  of  the  parietal  or  third  haemal,  or  hyoidcan, 
arch.  Botli  ninth  and  spinal  accessory  have  their  ganglionic  or 
sensory  complement  in  the  ‘ vagus : ’ and,  with  reference  to  the 
place  of  origin  of  that  nerve,  it  may  be  remembered  that  both 
heart  and  breathing  organs  belong  to  the  head  in  Fishes. 

The  second,  or  frontal,  or  mandibular,  haemal  arch  has  its  gan- 
glionic nerves  from  the  third  division  of  the  fifth,  its  non-ganglionic 
by  that  part  of  the  trigeminal  supplemented  by  certain  branches 
of  the  ‘ facial.’  The  rest  of  the  facial  represents  the  motory  por- 
tion, as  the  first  and  second  divisions  of  the  ganglionic  part  of  the 
fifth  are  the  sensory  portions  of  the  nerve  of  tlie  nasal  or  maxillary 
hsmal  arch  and  its  clothing.  The  ‘ sixth,’  ‘ fourth,’  and  ‘ third’  arc 
parts  of  the  cranial  motory  nerve-system  applied  to  a special  organ 
of  sense. 

The  myelonal  nerves  indicate  the  segments  of  the  axis  enclosed 
in  their  protecting  vertebral  rings : both  segments  and  nerve- 
pairs  being  called  into  being  according  to  the  requirements  of 
the  trunk  and  limbs  of  the  species.  The  head-segments  and 
trunk-segmeuts  directly  succeed  each  other  in  Protopteri  and 
Teleostomi  (vol.  i.  pp.  7,  14) ; but  in  Mammals,  as  in  other  air- 
breathing  Vertebrates,  neck-segments  and  nerves  are  interj)08ed  ; 
and,  as  the  scapular  appendage  becomes  developed  into  a jointed 
limb,  requiring  a more  backward  position  through  its  size,  or  one 
of  more  freedom  for  the  exercise  of  various  movements,  it  attracts, 
as  it  were,  the  requisite  nerve-force  from  the  successive  points  or 
segments  of  the  myelon,  and  chiefly  from  a postr-cranial  or  cer- 
vical portion. 

The  development  of  nerves,  as  of  vessels,  is  not  primary  and 
independent,  but  secondary  and  subordinate  to  the  parts  needing 
them.  If  the  appendage  of  a haemal  arch  retain  its  archetypal 
simplicity,  as  in  Protopterui  (vol.  L p.  163,  fig.  101),  one  jiair  of 
nerves  serves  it : if  it  grows  to  a maximum  of  size  and  number 
of  digital  divisions,  it  may  attract  its  nerve-supply  from  fifty 
successive  segments  of  the  myelon  (liv.  pi.  xL  Rata  bath).  In 
^Mammals  eight  or  nine  segments  succeeding  the  encephalon 
minister  nervous  power  to  the  scapular  arch  and  its  appendage, 
the  latter  chiefly  drawing  upon  the  last  three,  four,  or  five  pairs, 
which  are  proportionally  large. 

■ 2 
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Because  the  neural  arch  and  corresponding  muscular  segment 
have  conditioned  the  beginning  of  the  corresponding  pair  of 
spinal  nerves,  it  does  not  follow  that  the  specially  enlarged  and 
endowed  appendage  of  such  segment  is  archetypically  an  aggre- 
gate of  as  many  appendages  as  the  nerve-pairs  from  which  it  has 
attracted  branches  in  the  course  of  its  growth  and  development. 
But,  on  this  assumption  have  rested  the  conclusions  that  the  scapula 
was  an  aggregate  of  all  the  cervical  pleurapophyscs,  and  that  the 
humerus  was  the  coalescence  of  the  five  diverging  appendages 
retaining  their  primitive  and  typical  freedom  in  the  five  digits : 
and,  by  parity  of  reasoning,  tbe  scapula  of  the  Skate  should  be 
an  aggregate  of  more  than  fifty  j)leurai>ophyse8,  &c. 

I assume  that  anatomists  are  agreed  that  the  bone,  vol.  i.  fig. 
101,  n,  51,  is  the  homologuc  of  si,  in  fig.  101,  a:  that  the  scajuila 
of  the  Amphiuma  answers  to  the  bone  so  called  in  other  Reptiles 
and  in  Birds:  and  that  the  occipitally  attached  scapula  of  the 
Lepidoslrcn  is  the  homologuc  of  the  similarly  named  and  con- 
nected bone  in  other  Fishes.  But  the  long  cylindrical  riWike 
‘scajmla’of  the  Lepidosiren  is  one  element,  and  the  diverging 
scginentcd  appendage  of  the  scapular  arch  manifests  the  like 
essential  unity.  Now,  the  bifurcation  of  the  distal  segment  of  the 
homologous  diverging  appendage  in  Amphiuma  does  not  make 
the  unsplit  part  (fig.  101,  B.  5.s)  an  aggregate  of  two  appendages, 
nor  its  scapula,  ib.  51,  an  aggregate  of  two  ribs.  And  tbe  same 
may  be  jiredicated  of  five  or  any  greater  number  of  radiated 
divisions  of  the  terminal  part  of  the  scapular  appendage.  But 
the  pectoral  fin  of  the  Skate  is  the  pectoral  filament  of  the  Mud- 
fish, the  fore-leg  of  the  Quadruped,  the  wing  of  the  Bird,  the  arm 
and  hand  of  Man:  i. e.  they  arc  homologous  parts — though  with 
a supply  of  muscles,  nerves,  and  vessels,  according  to  tbeir  respec- 
tive sizes,  shapes,  and  uses.  Say  that  the  appendage  in  Lepidosiren, 
fig.  101,  A,  .'13-57,  is  a dermal  development,  and  that  the  humcru.->, 
radius,  &c.  in  its  higher  homologues,  are  skin-boncs,  and  not 
parts  of  the  endo-skcleton  : it  does  not  follow  that  the  scapular 
arch,  ib.  51,  52,  is,  also,  part  of  the  dermo-skcleton.  What,  then, 
is  it?  This  question  I propounded,  in  1846, ‘ in  reference  to  all 
the  parts  of  the  vertebrate  skeleton  of  which  anatomists  were  at 
one  in  respect  to  their  special  homology  : it  ajiplies  to  the  basi- 
occipital  (vol.  i.  fig.  77,  i)  and  other  elements  of  the  occiput  of  the 
Fish,  as  well  as  to  the  sc.ipular  arch  therewith  connected.  What 
is  the  basioccipital ? Anatomists  are  agreed  that  the  ‘basilar 
process  of  the  occipital  bone’  ( Anthropotoniy)  is  its  homologuc:  in 

' I.XX1V",  p.  270. 
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other  words,  that  the  same  bone  or  osseous  element  may  be  pointed 
out  from  the  Cod-fish  up  to  Man.  But  at  this  jx)int  the  above 
question  may  be  met  by  the  averment,  that  it  need  not  be  asked  ; 
that  there  is  no  ground  for  homologieal  generalisation  higher 
than  the  special  one.  Such  anatomists  rest  on  the  step  beyond 
which  Cuvier  refused  to  pass.  With  him  parts  were  homologous 
because  they  served  similar  purposes,  or  were  under  like  teleo- 
logical conditions  of  existence.  Neither  the  final  nor  the  me- 
chanical causes  of  separate  basi-,  ex-,  and  sujxjr-occipitals,  of  basi- 
and  ali-sphenoids,  parietals,  &c.  in  the  skull  of  the  fmtal  Bird  or 
Kangaroo,  have  been  ex]dained ' ; and  as  I am  unable  to  conceive 
of  tliem,  and  am  in  no  wise  helped  by  the  averment  of  inhe- 
ritance, I retain  my  conviction  that  the  basilar  process  of  the 
human  occipital  bone  is  the  centrum  of  the  hindmost  cranial  ver- 
tebra ; having,  moreover,  traced  the  scapular  arch  and  ap[>endage 
to  its  extreme  of  simplicity  in  Protopterus  and  Lepidosiren,  I 
accept  the  light  which  such  condition  throws  u|X)n  its  general  ho- 
mology, as  the  hxmal  arch  of  the  same  (occipital)  cranial  vertebra. 

If  there  be  cartilaginous  fishes  that  combine  a fuetal  gristly  con- 
dition of  skull  with  a maximised  development  of  scapular  append- 
age, I conclude  that  the  backward  displacement  of  the  sustaining 
arch,  from  its  type-position,  is  a consequence  of  such  development, 
and  prefer  to  allow  my  reasoning  as  to  the  nature  of  a limb  to  be 
guided  by  the  state  and  conditions  of  such  appendage  in  the  verte- 
brate series,  rather  than  by  the  state  of  the  cranium  in  one  part 
thereof.  It  is  not  probable  that  the  pectoral  fin  of  Shark  or  Skate 
shows  the  condition  under  which  the  appendage  of  the  scapular 
arch  first  appeared  in  fishes.* 

On  laying  open  the  neural  canal,  and  exposing  the  inyelon  by 
slitting  up  and  reflecting  the  ‘dura-mater,’  as  in  fig.  135,  the  roots 
of  the  nerves  are  seen,  which  go  off  in  lateral  pairs,  and  escape  at 
the  intervals  of  the  vertebraj:  they  are  called  the  ‘spinal’  or 
‘ myelonal’  nerves.  One  bundle  of  the  radical  filaments  proeeed 
from  the  antero-lateral,  the  other  bundle  from  the  postero-lateral 

' Meun.  Seeley  and  Spencer  dispute  the  priority  of  such  explanation  and  don’t 
give  it.  xci"  and  xcii." 

’ Respect  for  the  conductors  and  editor  of  Lxxv " has  led  me  into  the  above  digrea- 
aion ; and  aa  they  meet  what  they  consider  the  ‘main  defect  ’ (ib.  p.  1 23)  of  the  present 
work  by  an  ‘ urgumentum  ad  verecundiam,’  I would  observe  that  the  individual  who 
first  perceives,  or  discovers,  the  general  homology  of  the  basioccipital,  the  scapula,  or 
other  part  of  the  hindmost  segment  of  the  skull  of  a cod-fish,  puts  himself  in  advance  of, 
and  more  or  less  in  anUgunism  with,  others.  If  bis  perception  be  true,  but  not  accepted, 
it  is  not  bis  fault  that  ‘ he  be  right  and  everybody  else  wrong.’  Such  a state  of  things 
has  happened  more  than  once  in  the  history  of  science,  bnt  it  is  happily  transitory ; the 
many  moving  one-ward,  the  one  onward. 
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fissure,  and  between  the  bundles  passes  a delicate  fold  of  the  arach- 
noid, which  is  attached  by  an  angular  process,  d,  to  the  dura-mater 
at  the  interval,  usually,  of  each  nerve  (p.78). 
The  anterior  or  ventral  and  the  posterior  or 
dorsal  bundles  converge,  separately  per- 
forate the  dura-mater,  and  unite,  at  the  in- 
tervertebral foramen,  into  a single  ‘ nerve.’ 
In  the  Elephant  the  posterior  roots  come 
off  abruptly  in  a few,  large,  and  distinct 
bundles : the  anterior  roots  emerge  from 
a longer  extent  of  their  furrow,  are  nume- 
rous and  small,  and  form  several  bundles 
before  passing  through  the  dura-mater. 
The  same  characters  of  the  anterior  and 
posterior  origins  are  seen  in  Cetacea,  in 
which  the  two  roots  preserve  their  distinct 
course  before  uniting,  after  perforating  the 
dura-mater,  longer  than  in  other  Mam- 
mals. In  the  human 
subject,  especially 
at  the  cervical  part 
of  the  myelon,  the 
anterior  root,  fig. 

136,  A,  is  the  small- 
est; its  finer  fila- 
ments form  more 
delicate  fasciculi, 
aggregating  into 
two,  before  uniting, 
as  a flat  band,  with 
the  posterior  root. 

Of  this  the  fila- 
ments, p,  are  larger, 
and  blend  with  the 
cell-substance  of  a 
ganglion,  o,  before 
uniting  with  the 
anterior  root  to  form 
the  nerve-trunk,  c. 

The  capital  experiment  which  has  immortalised  the  name  of 
Charles  Bell  was  suggested  by  the  above  anatomical  fact,  and 
I quote  his  original  account  of  it  from  the  extremely  rare  little 
tract,  which  he  printed  for  private  distribution  in  1811.' 


I’j 


Porilim  of  mrelfiD,  will)  rodtH  of 
oervet  of  one  tl<k.  HamMii 
Dfttantl  flUe. 


fiooU  of  mycloDAJ  oenre, 


Digitized  by  Google 


NERVES  OF  MAMllALIA. 


167 


Belie«ng  that  he  could  ‘ trace  down  the  crura  of  the  cerebrum 
into  the  anterior  fasciculus  of  the  spinal  marrow,  and  the  crura 
of  the  cerebellum  into  the  posterior  fasciculus,  I thought,’  he 
writes,  p.  21,  ‘ that  here  I might  have  an  opportunity  of  touch- 
ing the  cerebellum,  as  it  were,  through  the  posterior  jwition  of  the 
spinal  marrow,  and  the  cerebrum  by  the  anterior  portion.  To  this 
end  I made  experiments  which,  though  they  were  not  conclusive, 
encouraged  me  in  the  view  1 had  taken.’ 

‘ I found  that  injury  done  to  the  anterior  portion  of  the  spinal 
marrow  convulsed  the  animal  more  certainly  than  injury  done  to 
the  posterior  portion,  hut  found  it  difficult  to  make  the  experi- 
ment without  injuring  both  portions.’ 

‘ Xext  considering  that  the  spinal  nerves  have  a double  root, 
and  being  of  opinion  that  the  proj>ertie8  of  the  nerves  are  derived 
from  their  connecdons  with  the  parts  of  the  brain,  I thought  that 
I had  an  opportunity  of  putting  my  opinion  to  the  test  of  experi- 
ment, and  of  pro\~ing  at  the  same  dme  that  ncr\'cs  of  different 
endowments  were  in  the  same  cord,  and  held  together  by  the  same 
sheath. 

‘ On  laying  bare  the  roots  of  the  spinal  nerves,  I found  that  1 
could  cut  across  the  posterior  fasciculus  of  nerves,  which  took  its 
origin  from  the  posterior  portion  of  the  spinal  marrow,  without 
convulsing  the  muscles  of  the  back ; but  that  on  touching  the 
anterior  fasciculus  with  the  point  of  the  knife,  the  muscles  of  the 
back  were  immediately  convulsed’  (ib.  p.  22). 

The  ventral  as  well  as  the  dorsal  roots  of  the  spinal  nerves  are 
traceable  to  the  contiguous  parts  of  the  grey  tract,  the  latter  more 
immediately,  as  at  A,  fig.  40.  They  are  severally  connected  with, 
but  do  not  constitute,  the  white  columns  from  which  they  emerge. 
Comparadve  anatomy  tesdfies  plainly  against  the  anterior  and 
posterior  columns  being  aggregates  and  brainward  condnuations 
of  the  motory  and  sensory  roots.  Thus,  in  the  instance  of  such 
unusual  elongating  growth  of  the  myelon  as  takes  place  in  the 
neck  of  the  fcetus  of  the  Giraffe,  as  many  of  the  roots  of  a nerve, 
the  origin  of  which  may  be  so  extended  by  intersdtial  myelonal 
increase,  incline  tail  ward  as  headward  (p.  75).  And  accurate 
experiment  gives  the  same  response,  sensadon  continuing  or 
being  heightened  in  parts  supplied  by  nerves  beyond  the  place 
of  the  myelon  of  which  the  dorsal  or  posterior  columns  have  been 
divided. 

The  most  constant  anatomical  concurrence  with  sensory  func- 
tion is  the  ganglion,  fig.  136,  G,  fig.  131,  9. 

In  all  Mammab  the  trunk,  fig.  136,  C,  formc<l  by  the  union  of 
the  two  roots  soon  di\idcs  into  an  anterior  and  a jswterior  pri- 
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niary  set  of  nerves.  The  jwsterior  or  dorsal  are  usually  the 
smaller  division,  and,  bending  backward,  soon  subdivide  into 
external  and  internal  branches.  The  pairs  of  nerves  are  classified, 
according  to  the  regions  of  the  vertebral  column  where  they 
emerge,  into  ‘ cervical,’  ‘ dorsal,’  ‘ lumbar,’  ‘ sacral,’  ‘ caudal,’  and 
offer  numerical  differences  corresp<inding  with  those  of  the  verte- 
bra), in  the  Mammalian  series.  Each  is  anterior  to  the  correspond- 
ing bony  segment,  and,  for  tbe  most  part,  escapes  between  that 
and  the  segment  in  advance ; but  the  notch  of  the  ‘ conjugational 
foramen  ’ is  always  deepest  at  the  fore  part  of  the  ncurai)ophysi8 
answering  to  the  nerve,  and  is  directly  perforated  thereby  in 
many  instances ; as,  e.  g.  that  of  the  atlas  by  the  first  cervical 
in  the  Tapir,*  and  also  that  of  the  axis  by  the  second  cervical  in 
the  Ilyrax.’  Most  of  the  cervical  and  the  dorsal  vertebrae  are 
perforate<l  by  their  corresj>onding  nerves  in  the  Hog  and  Pec- 
eari ; **  and  some  dorsals  and  lumbars  arc  so  perforated  in  most 
Ruminants.*  Therefore,  I count  the  ‘ suboccipital  ’ nerve  as  the 
first  cervical  one,  and  reckon  the  ‘ eighth  cervical  ’ of  Anthropo- 
tomy  as  the  ‘ first  dorsal.’ 

Some  details  of  the  distribution  of  the  myelonal  nerves  in 
Munotremata  are  given  in  Lxxxr.  In  the  Cetacea  they  have  been 
described  by  Stannius®  and  Swan®  in  Phocaena  communis. 

In  the  Porj)oise,  the  first  cervical  has  a distinct  posterior  root, 
smaller  than  the  anterior  one,  but  with  a small  ganglion  ; be- 
yond which  the  two  unite,  as  usual.  The  posterior  or  dorssil 
branches  supply  the  occipital  and  contiguous  integument,  and 
the  tegumentary  and  other  muscles  passing  to  the  occiput ; 
supplying,  also,  small  branches  to  the  ‘ masto-humcralis.’  Tlie 
anterior  or  ventral  branch  j)assea  along  the  scalenus,  joins  cor- 
responding branches  from  the  second  and  third  cervicals,  and,  in 
combination  with  the  ‘ descendens  noni,’  su])plics  the  stcnio- 
byoid  and  sterno-thyroid  muscles.  The  second  and  succee<ling 
cervical  nerves  are  larger.  A posterior  branch  of  the  second 
perforates  the  masto-humeralis,  and  supplies  the  integument  of 
the  neck.  Other  posterior  branches  of  this  and  following  cer- 
vicals supply  the  interspinales,  spinalis  ccrvicis,  splenius  capitis, 
and  the  more  superficial  muscles  and  integument  at  the  fore  and 
dorsal  parts  of  the  trunk  : ventral  branches  go  to  the  scalenus 
anticus,  levator  anguli  scapulae,  and  contiguous  muscles.  The 
fourth  cervical  contributes  the  largest  part  of  the  ‘ jihrenic  nerve,’ 
but  it  receives  a filament  from  the  third  cervical,  sometimes  from 
the  second ; always  from  the  fifth.  The  left  phrenic  passes  a 

' XLIT,  p.  501.  • Ib.  p.  522.  • Ib.  pp.  543,  56.1. 

• lb.  p.  579.  ‘ LXXVI-.  Liv,  2d  ed.  p.  156. 
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sliort  way  along  the  scalenus  anticus  ; as  it  sinks  deeper,  it  gives 
a filament  to  the  pectoralis  major,  passes  over  the  at>rtic  arch  and 
trunk  of  the  vagus  in  entering  the  thorax,  passes  along  the 
anterior  mediastinum,  and  then  along  the  j>ericardium  to  the  left 
side  of  the  diaphragm.  The  right  phrenic  crosses  the  subclavian, 
or  trunk  of  the  brachial  artery,  in  entering  the  thorax,  and 
supplies  the  right  half  of  the  diaphragm.  A small  branch  of 
the  anterior  division  of  the  fifth  cervical,  a large  branch  of  that 
of  the  sixth,  a still  larger  one  of  the  seventh,  and  a smaller 
contribution  from  the  first  and  second  dorsal  nerves  combine  to 
form  the  axillary  plexus,  prior  to  which  are  sent  off  nerves  to 
the  scalenus  anticus,  subscapularis,  teres  major,  and  latissimus 
dorsi.  F rom  the  plexus  is  continued  a branch  beneath  the 

triceps,  which  quickly  radiates  small  filaments,  one  of  the  largest 
of  which  is  continued  along  between  the  radius  and  ulna ; a 
second  branch  passes  along  the  inner  side  of  the  triceps  to  the 
olecranon ; a third  branch  goes  between  the  hind  border  of  the 
scapula  and  the  triceps  outward  and  forward,  it  supplies  the 
infraspinatus  and  deltoid,  and  ends  in  the  periosteum  and  skin  at 
the  fore  part  of  the  humerus.  Many  small  twigs  are  sent  to  the 
subscapularis  muscle.  The  hindmost  and  strongest  branch  goes 
obliquely  outward  and  backward,  giving  filaments  to  the  latis- 
simus dorsi,  and  bends  over  the  chest  to  the  sternum,  along  the 
side  of  which  it  distributes  itself  to  the  serratus  magnus  and  con- 
tiguous muscles  attached  to  the  ribs ; it  answers  to  the  ‘ external 
thoracic  nerve.’  There  are  thirteen  pairs  of  dorsal  nerves,  each 
dividing  into  a dorsal  and  intercostal  part.  The  dorsal  division 
bends  over  the  rib-neck  in  the  anterior  vertebra;,  and  over  the 
lengthening  diapophysis  in  the  posterior  ones,  and  subdivides  into 
a superficial  and  deep  part ; the  latter  supplies  the  spinales, 
interspinales,  and  the  fascia  of  the  muscles  of  the  back ; the 
superficial  nerves  contribute  to  the  longissimus  dorsi,  and 
levatores  costarum,  in  their  way  to  the  skin  of  the  back  and  its 
muscles.  The  ventral  divisions  of  these  nerves  are  less  distinctly 
subdivided  into  external  and  internal  fasciculi  than  in  quadru- 
peds. The  first  intercostal  sends  a communicating  branch  to  the 
axillary  plexus,  before  its  normal  distribution,  as  in  the  other 
intercostals,  to  the  muscles  so  called,  which  are  perforated  toward 
tlie  sternum  by  the  branches  going  to  the  ventral  integument. 
The  nerves  answering  to  lumbar  and  sacral  of  Quadrupeds  divide 
into  dorsal  and  ventral  fasciculi.  The  former  go  to  the  inter- 
transversales,  spinales,  interspinales,  sacroluinbalis,  and  longis- 
simus dorsi;  and  to  the  superincumbent  fascia  and  teginnent. 
There  are  intercommunicating  filaments  between  the  dorsal  divi- 
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slons  of  the  second,  third,  and  fourth  lumbar  nerves.  Some  of  the 
ventral  branches  pierce  the  intertransversalis  before  penetrating 
the  fascia  of  the  psoas,  on  their  yray  to  the  oblique  and  straight 
abdominal  muscles ; but  the  main  proportion  is  taken  by  the 
psoas.  Anterior  branches  from  the  seventh,  eighth,  and  ninth 
lumbar  nerves  diverge  from  the  ordinary  course  or  distribution, 
and  partially  unite  with  a plexus  extending  to  and  supplying  the 
muscles  which  connect  the  ischial  or  pelvic  bones  with  the  abdo- 
minal and  eaudal  muscles  and  those  of  the  attached  parts  of  the 
sexual  organs.  The  above  nerves  evidently  represent  the  lumbar 
plexus  developed  in  Quadrupeds  for  the  hind-limbs,  but  their 
chief  distribution  is  as  * pudendal  ’ nerves.  The  anterior  or 
ventral  divisions  of  the  caudal  nerves  mainly  combine  to  form  a 
nerve-trunk  on  that  aspect  of  the  tail,  which  is  resolved  into 
many  small  parallel  transverse  branches,  from  which  are  supplied 
the  muscles  and  teguments  of  that  part  of  the  tail.  The  dorsal 
divisions  are  similarly  distributed,  but  only  a very  small  propor- 
tion goes  to  the  skin.' 

In  the  Ungulate  series  the  distribution  of  the  spinal  nerves  has 
been  followed  by  the  hippotomists  in  the  Horse  and  Cow;  by 
Swan  in  the  Ass and  1 have  made  observations  on  that  part 
of  the  anatomy  of  the  Rhinoceros  and  Giraffe. 

Several  branches  from  the  superior  cervical  ganglion  of  the 
sympathetic  join,  in  a plexiform  manner,  the  anterior  division  of 
the  first  cervical ; this  also  receives  a filament  from  the  descendens 
noni,  which  previously  communicates  either  with  the  trunk  or  a 
filament  from  the  par  vagum ; afterwards  it  joins  the  pharyngeal 
]>lexus,  and  is  distributed  to  the  stemo-hyoid  and  stemo-thyroid 
muscles.  The  nerve  given  to  the  serratus  magnus  proceeds 
from  the  sixth  cervical  with  the  phrenic ; but  the  phrenic  after- 
wards communicates  with  a branch  of  the  seventh,  given  to  the 
pectoralis  major.  The  axillary  plexus  in  the  Ass,  also  in  the  Pig, 
is  formed  from  the  seventh  cervical  and  the  first  and  second  dorsal 
nerves.  The  superior  scapular  nerve  proceeds  chiefly  from  the 
seventh  cervical ; but  in  some  degree  from  the  first  dorsal,  and  is 
sent  to  the  supra- and  infra-spinati  muscles  of  the  scapula.  Branches 
proceeding  from  all  the  nerves  forming  the  plexus  are  given  to 

' SwAH  well  note!  the  difference  between  the  mode  of  supply  to  the  natatory  tail, 
i.e.  hy  a few  trunks  in  Ceiacca  derived  from  a remotely  situated  myelon,  and  that  in 
Fishes,  by  many  nerve-pairi  from  a contiguous  myelon : also  the  great  proportion  of 
motory  as  compared  with  sensory  fllameots ; the  tail  being  not  only  the  main  motive 
instrument  in  Whales,  but  capable  of  ‘ giving  bard  blows  without  feeling  much  pain.’ 
uv.  p.  165. 

• uv,  2d  ed.  pp.  153,  el.  sej. 
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the  great  pectoral  muscle ; a nerve  proceeding  principally  from 
the  last  cervical  and  first  dorsal  supplies  the  subscapularis,  teres 
major,  and  ladssimus  dorsi,  then  takes  a circumflex  coarse  to  the 
deltoid,  and  external  head  of  the  triceps,  and  Anally  passes  down 
the  limb  to  the  skin.  The  external  branches  of  the  third  and 
fourth  dorsal  nerves,  also,  supply  the  skin ; the  internal  cutaneous 
nerve  is  sent  oflT  from  the  ulnar.  The  musculo-cutaneous  is 
formed  chiefly  by  the  last  cervical,  and  partly  by  the  first 
dorsal ; it  contributes  to  the  formation  of  the  median  nerve, 
then  pierces  the  coraco-brachialis  to  terminate  on  the  biceps. 
The  median  is  mainly  formed  by  the  first  two  dorsal  nerves ; it 
sends  a branch  to  the  biceps,  brachialis  intemus,  and  supplies  the 
skin  on  the  posterior  and  inner  part  of  the  fore-leg.  After 
supplying  the  flexors  on  the  fore-leg,  it  sends  a nerve  close  to  the 
bone  which  gives  filaments  to  the  periosteum,  and  passes  to  a 
muscle  answering  to  the  flexor  longus  poUicis : it  then  passes 
underneath  the  annular  ligament,  and  sends  a large  branch 
obliquely  over  the  flexor  tendons  to  communicate  with  the  ulnar 
nerve,  and  descends,  giving  ofl*  branches  to  the  skin  at  the  inner 
ride  of  the  foot,  which  conununicate  writh  the  inner  portion  of  the 
deep  palmar  branch  of  the  ulnar : it  then  passes  to  vascular 
lamellx  attached  to  the  hoof,  fig.  17,  ir,  to  terminate  on  these,  on 
the  villous  part  of  the  sole  and  the  ligaments  of  the  joints.  The 
ulnar  nerve  arises  from  the  first  and  second  dorsals;  at  the  middle 
of  the  arm  it  sends  ofiP  the  internal  cutaneous  ner«'e,  and  at  the 
elbow  gives  some  branches  to  the  short  extensor  and  the  elbow 
joint;  it  passes  down,  covered  by  some  fibres  of  the  flexor 
muscles,  and  at  the  wrist  sends  off  the  dorsal  branch  to  the  skin 
at  the  posterior  and  outer  part  of  the  fore-leg ; it  passes  under- 
neath and  to  the  inner  side  of  the  flexor  carpi  ulnaris,  and  then 
underneath  the  annular  ligament,  and  gives  off  the  deep  palmar 
nerve:  it  receives  the  branch  from  the  me<lian,  and  descends, 
giving  branches  to  the  skin  and  ligaments  at  the  outer  side  of  the 
foot,  after  these  have  communicated  with  the  outer  branch  of  the 
deep  palmar ; it  passes  into  the  foot,  covered  by  the  vascular 
lamells  connected  with  the  hoof,  and  terminates  on  these,  the 
villous  part  of  the  sole  and  the  ligaments  of  the  joint  The  deep 
palmar  gives  some  filaments  to  the  ligaments,  and  divides  into 
two  principal  branches,  one  to  pass  on  the  inner  side  to  give 
filaments  to  the  joints,  the  periosteum,  and  ligaments,  and  com- 
municate with  the  branches  of  the  median  sent  to  the  skin  and 
ligaments  at  the  inner  side  of  the  foot,  the  other  to  give  filaments 
to  the  periosteum  and  ligaments,  and  communicate  with  branches 
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of  the  ulnar,  having  a similar  destination  on  the  outer  side  of  the 
foot.  The  musculo-spiral  nerve  arises  from  the  seventh  cervical  and 
first  and  second  dorsal  nerves : after  supjdying  the  heads  of  the 
triceps,  it  passes  round  the  humerus,  and  gives  brandies  to  the 
two  large  extensors  at  the  back  of  the  fore-leg,  and  sends  a 
branch,  somewhat  expanded,  down  to  the  carpal  joints,  but  not 
swelling  into  a ganglion,  as  in  Man  ; it  then  pierces  the  rudiment 
of  the  short  supinator,  to  supply  a muscle  answering  to  the  long 
supinator  on  the  outer  side  of  the  back  of  the  fore-arm. 

Jnthe  Pig,  the  median  in  the  fore-arm  is  ranch  larger  than  the 
ulnar ; it  receives  a small  communicating  branch  from  the  ulnar 
near  the  wrist,  and  then  supplies  the  inner  small  toe  {it),  both 
sides  of  the  inner  large  toe  (Hi),  and  the  inner  side  of  the  next 
(iv).  The  ulnar  gives  off  the  dorsal  branch,  and  then  sends 
the  deep  palmar  to  the  interosseous  muscles  ; it  contributes  a small 
branch  to  the  median,  and  then  supjilics  the  outer  side  of  the 
large  toe  (iv),  and  the  adjoining  small  toe  (e).  The  greatest 
jiortion  of  the  dorsum  of  the  foot  is  furnished  by  the  radial  branch 
of  the  spiral  nerve,  and  the  rest  by  the  dorsal  branch  of  the  ulnar. 

In  the  Ass  there  are  eighteen  pairs  of  dorsal  nerves,  the 
anterior  or  ventral  divisions  of  which  pass  between  the  ribs,  are 
distributed  to  the  intercostal  and  abdominal  muscles,  the  hind- 
most jierforating  the  psoas  muscle.  There  are  five  lumbar 
and  six  sacral  nerves,  besides  four  or  five  caudal.  The  third 
lumbar  sends  off  a branch,  which  gives  a branch  to  the  great 
])soas  muscle,  and  one  to  join  the  fourth  for  the  anterior  crural 
nerve ; it  then  becomes  the  external  cutaneous  nerve  to  pass  on 
the  outer  side  of  the  thigh ; it  sends  off  another  large  branch 
corresponding  with  the  external  spermatic,  which  communicates 
with  a large  branch  of  the  third  lumbar  ganglion  of  the  sympa- 
thetic, gives  a branch  to  the  small  psoas  muscle,  and  then 
passes  underneath  the  lower  border  of  the  abdominal  muscles,  to 
which  it  sends  a branch,  and  becomes  distributed  on  the  mamma. 
The  anterior  crural  nerve  arises  from  the  third,  fourth,  and 
fifth  lumbar  nerves  : the  obturator  arises  from  the  fourtli  and 

fifth  lumbar,  and  first  sacral  nerves  : the  sciatic  arises  from 
the  three  first  sacrals : the  jirineipal  part  of  the  third  and 
fourth  sacrals,  joined  by  a small  branch  from  the  portion  of  the 
sciatic  arising  from  the  second,  give  off  the  internal  pudendal  to 
pass  at  the  side  of  the  arch  of  the  pubes,  distribute  filaments 
to  the  neck  of  the  bladder,  and  terminate  on  tbe  clitoris,  vagina, 
and  e.xtcrnal  parts,  and  the  connecting  muscle  and  membrane 
between  these  and  the  mamma,  A branch  of  the  external  sper- 
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matic  may  be  traced  downward,  and  a branch  of  the  internal 
pudendal  upward,  towards  each  other.  Another  part  of  the 
junction  of  the  fourth  and  fifth,  with  sometimes  a branch  from  the 
sixth  sacral,  joins  the  hypogastric  plexus,  and  sends  branches 
along  the  inferior  uterine  artery  to  the  neck  of  the  uterus  and 
vagina,  and  is  then  distributed  to  the  bladder,  urethra,  vagina, 
and  rectum.  The  remaining  part  of  the  fifth  and  sixth  sacrals 
forms  the  beginning  of  the  anterior  caudal  nerve,  to  which  the 
anterior  trunks  of  the  remaining  spinal  nerves  below  it  become 
united ; the  posterior  trunks  of  these  nerves  form  the  posterior 
caudal  nerve  ; both  of  these  are  continued  to  the  extremity  of 
the  tail,  communicating  by  branches,  and  supplying  one-half  of 
each  anterior  or  posterior  surface.'  The  gluteal  nerves  are  sent 
from  the  two  first  sacrals  at  their  junction  with  the  sciatic,  and 
terminate  on  the  glutei  and  tensor  fascia;.  A nerve  given  off 
from  the  .sciatic  supplies  the  gracilis  and  gemelli,  and  is  continued 
down  to  the  quadratus  femoris.  The  anterior  crural  nerve  sup- 
plies the  sartorius,  rectus  femoris,  vasti,  and  cruraeus.  The  sa- 
phenus  nerve  descends  with  the  vein,  giving  numerous  filaments  to 
the  ligaments  and  skin,  and  communicating  at  the  side  of  the  foot 
with  the  inner  branch  of  the  deep  plantar  nerve,  and  through  this 
with  a branch  of  the  inner  plantar,  to  be  distributed  on  the  skin  at 
the  side  of  the  foot.  The  obturator  nerve  supplies  the  adductors 
and  the  large  muscle  corresponding  with  the  gracilis.  The  sciatic 
nerve  gives  branches  to  the  semimembranesus,  semitendinosus,  and 
biceps ; it  then  divides  into  the  posterior  tibial  and  the  peroneal, 
both  of  which  give  branches  to  the  biceps.  The  posterior  tibial 
sends  a branch  down  at  the  back  of  the  gastrocnemius,  and  on  the 
outer  side  of  the  tendo  Achillis  to  the  fascia,  on  that  side  of  the  hock : 
it  then  passes  between  the  heads  of  the  gastrocnemius  muscle,  to 
which  and  the  large  muscle  representing  the  posterior  tibial  and 
the  flexors  of  the  toes  it  gives  branches ; it  descends  on  the  inner 
side  of  the  tendo  Achillis,  giving  branches  to  the  fascia,  &c.  on  the 
inner  side  of  the  hock,  near  which  it  divides  into  the  inner  and 
outer  plantar  nerves ; the  inner  sends  off  a large  branch  obliquely 
over  tbe  flexor  tendon  to  join  the  external  plantar  nerve ; it  passes 
down  on  the  inner  side  of  the  tendon,  giving  branches  to  the  sheath, 
fascia,  and  integuments  ; near  the  foot  it  gives  off  a large  branch, 
which  communicates  with  the  inner  branch  of  the  deej)  plantar 
nerve,  to  be  distributed  on  the  skin  at  the  inner  side  of  the  foot ; 
it  gives  branches  to  the  skin  of  the  heel,  and  then  passes  down  to 
the  hoof,  covered  by  the  vascular  lamella;,  and  distributing 

* i.iv,  p.  ICO. 
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branches  to  these  and  the  villous  stratum  of  the  sole.  The 
external  plantar  passes  between  the  flexor  tendons,  and  then  on 
the  outer  side  of  these,  and  gives  off  the  deep  plantar  nerve ; it 
is  continued  down  on  the  outer  side  of  the  tendon,  gives  filaments 
to  the  sheath  and  fascia,  receives  the  branch  from  the  inner  plantar, 
and  gives  off  a branch  which  communicates  with  the  outer  branch 
of  tlie  anterior  tibial  nerve,  and  is  distributed  on  the  side  of  the 
foot ; its  ultimate  distribution  resembles  that  of  the  posterior  tibial. 
The  deep  plantar  gives  filaments  to  the  ligaments,  then  divides 
into  two  branches;  the  inner  passes  down  beneath  the  tendon, 
then  near  the  edge  of  the  bone  to  the  foot  to  communicate  with  a 
branch  of  the  saphenus  nerve,  and  of  the  inner  plantar,  to  be  dis- 
tributed on  the  skin  at  the  inner  side  of  the  foot;  the  outer 
branch  passes  near  the  edge  of  the  bone,  gives  a branch  to  the 
ligaments,  and  then  joins  the  outer  branch  of  the  anterior  tibial 
nerve.  The  peroneal  nerve  passes  to  the  outer  side  of  the  leg, 
and  gives  small  branches  to  the  fascia  and  skin ; it  sends  the  long 
branch  downward  which  gives  filaments  to  the  fascia,  and  termi- 
nates in  the  skin  covering  the  dorsum  of  the  cannon-bone.  It 
gives  filaments  to  the  ligaments  and  fascia  on  the  outer  side  of 
the  knee-joint,  and  branches  to  the  peroneal  muscle,  the  extensors 
of  the  toes,  and  the  anterior  tibial  muscle.  It  gives  off  the 
anterior  tibial  nerve,  which  passes  down  the  leg  between  the 
peroneal  and  anterior  tibial  muscles,  then  between  this  and  the 
bone  along  with  the  anterior  tibial  artery  underneath  the  annular 
ligament,  where  it  divides  into  two  branches ; the  outer  one  gives 
filaments  to  the  joint,  and  is  contained  with  the  anterior  tibial 
artery  on  the  outer  side  of  the  cannon-bone,  giving  filaments  to 
the  periosteum,  and  on  the  outer  side  of  the  foot  receiving  tlie 
outer  branch  of  the  deep  ])lantar  nerve ; it  then  becomes  connected 
with  a branch  of  the  outer  {dantar  nerve,  and  is  distributed  on 
the  ligaments  and  skin  on  the  outer  side  of  the  foot ; the  inner 
branch  of  the  anterior  tibial  passes  down  on  the  cannon-bone, 
gives  filaments  to  the  periosteum  and  fascia,  and  terminates  on 
the  skin  at  the  inner  side  of  the  foot. 

In  the  Pig,  the  jwsterior  tibial  nerve,  having  given  branehes 
to  the  muscles  of  the  leg,  and  sent  the  branch  down  at  the  back 
of  the  gastrocnemius  muscle  to  the  outer  side  of  the  leg,  gives 
filaments  to  the  inner  side  of  the  heel,  and  near  the  part  divides 
into  the  inner  and  outer  plantar  nerves  ; the  inner  is  continued 
onwards,  and  supplies  the  small  inner  toe  (iV),  the  first  large 
toe  (Hi),  and  the  inner  side  of  the  next  (iv).  The  outer  plantar 
nerve  passes  underneath  the  flexor  tendon,  and  is  continued  on- 
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ward  to  divide  for  the  outer  side  of  the  second  large  toe,  and  the 
outer  small  toe  ; it  sends  the  deep  plantar  into  the  sole  to  supply 
the  short  muscles  situated  there.  The  anterior  tibial  nerve  gives 
branches  to  the  ligaments  at  the  back  of  the  foot,  and  sends  a 
brunch  to  supply  the  toe,  it,  and  the  inner  side  of  iii ; the  rest  of 
it  gives  branches  to  the  small  muscles  on  the  back  of  the  fobt, 
and  then  passes  forward  to  join  the  branch  of  the  peroneal  given 
to  the  outer  side  of  iii,  and  the  inner  side  of  iv  ' ; the  continua- 
tion of  the  peroneal  after  emerging  just  above  the  instep  supplie# 
the  outer  side  of  iii  toe,  both  sides  of  iv  and  v,  the  branch  sent 
to  the  outer  side  of  iii  and  the  inner  side  of  iv  receiving  a branch 
of  the  anterior  tibial. 

In  the  order  Carnivora,  the  distribution  of  the  nerves  has  been 
descril)ed  and  figured  by  Swan,  in  the  Fox  (liv,  p.  150,  pi.  33), 
and  in  the  Jaguar  (ib.  p.  161),  from  which  the  following  account  is 
chiefly  abridged.  In  the  Fox  the  anterior  trunk  of  the  first  cervi- 
cal passes  forward,  and  sends  up  two  filaments  to  the  junction  of 
the  trunk  of  the  par  vagum  with  the  glosso-pharyngeal,  the  ninth, 
the  accessory,  and  the  superior  cervical  ganglion  of  the  sympathe- 
tic ; it  gives  branches  to  the  recti  antici,  and  then  joins  the  descen- 
dens  noni,  to  be  distributed  to  the  stemo-hyoid  and  stemo-thyroid 
muscles.  The  posterior  trunk  supplies  the  recti  capitis  postici 
and  obliqui  sup.  et  inf.  The  anterior  trunks  of  the  second  and 
third  cervical  nerves  give  branches  to  the  recti  capitis  antici,  then 
unite  to  communicate  with  the  accessory,  and  divide  into  branches, 
which  are  distributed  on  the  cutaneous  muscle  and  skin  at  the  side 
of  the  face  and  neck  and  external  ear.  The  fourth  cervical  gives 
a branch  to  join  the  accessory  and  others  to  the  trapezius,  and  is 
then  distributed  to  the  cutaneous  muscle  and  skin  at  the  side  of 
the  neck.  The  fifth  cervical  nerve  gives  a branch  to  the  acces- 
sory, and  to  the  trapezius,  and  then  pierces  this  to  terminate  on 
the  skin  at  the  lowest  part  of  the  neck.  The  posterior  or  dorsal 
division  of  the  second  cervical  nerve  gives  branches  to  the  splenius, 
complexus,  and  other  muscles,  close  to  the  posterior  part  of  the 
spine,  and  then  sends  a branch  through  the  comjdexus  towards 
the  occiput,  which  gives  filaments  to  the  muscles  inserted  into  the 
back  of  the  ear,  but  is  chiefly  distributed  on  the  skin  of  this  part. 
The  posterior  dinsion  of  the  tliird  cervical  is  similarly  distributed. 
That  of  the  fourth  cervical  gives  branches  to  the  complexus  and 
other  muscles  close  to  the  spine,  and  then  terminates  on  the  skin. 
The  posterior  divisions  of  the  sixth  and  seventh  also  give  branches 

' See  Tol.  ii.  p.  SOS,  fig.  193,  Hippopotamus,  which  rescmbics  the  foot  of  the 
Hog. 
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to  the  muscles  and  skin ; the  first  dorsal  supplies  the  muscles 
oidy.  Tlie  phrenic  nerve  is  formed  by  a branch  from  the  fifth 
and  sixth  cervicals:  it  passes  over  the  pericardium  to  the  dia- 
j)hragm,  and  on  the  right  side  is  placed  close  to  the  post-caval 
vein.  In  the  Jaguar,  the  phrenic  also  arises  from  the  fifth  and 
sixth  cervicals,  and  receives  a branch  from  the  first  thoracic 
ganglion.  The  axillary  plexus  is  formed  by  the  la.st  two  cervical 
and  first  two  dorsal  nerves.  In  the  Fox  the  axillary  plexus  is 
formed  by  the  sixth  and  seventh  cervical  and  first  and  second 
dorsal  nerves,  but  the  greatest  part  of  the  sixth,  after  receiving  a 
branch  from  the  seventh,  gives  a large  branch  to  the  integuments 
on  the  anterior  part  of  the  shoulder-joint,  arid  then  passes  to  form 
the  superior  scapxdar  nerve,  and  terminates  on  the  supra-  and 
infra-spinate  muscles.  Branches  from  the  sixth  and  seventh 
cervical  and  first  and  second  dorsals  are  given  to  the  pectoral 
muscles ; a branch  from  the  seventh  cervical  is  given  to  the 
serratus  magnus,  and  branches  from  the  sixth  and  seventh  go  to 
the  subscapu laris.  The  circumflex  nerve  arises  from  the  xinion  of 
the  sixth  and  seventh  cervical  nerves;  it  gives  branches  to  the 
subscapularis  and  teres  major  muscles,  and  then  divides  and  sends 
a branch  to  the  infra-spinatus  muscle  and  the  deltoid,  and  branches 
to  the  integuments  on  the  outer  side  of  the  arm. 

The  internal  cutaneous  nerve  is  sent  off  by  the  ulnar;  it  passes 
down  the  ami,  and,  near  the  inner  condyle  of  the  humerus,  divides 
into  branches  to  be  distributed  to  the  skin  at  the  ulnar  side  of  the 
fore-arm.  The  smaller  internal  cut.ancous  nerve  is  the  external 
branch  of  the  third  dorsal  after  its  egress  from  between  the  ribs ; 
it  pierces  the  broadest  muscle  of  the  back,  and  divides  into 
branches,  to  be  distributed  on  the  skin  at  the  inner  and  jxistcrior 
part  of  the  arm.  The  inusculo-cutaneous  nerve  arises  from  the 
seventh  cervical  with  the  outer  |H)rtion  of  the  median,  gives  a 
branch  to  the  pectoralLs  and  coraco-brachialis,  and  then  passes  off' 
to  terminate  on  the  biceps.  The  seventh  cervical,  having  given 
off  the  homologue  of  the  mnscnlo-cutaneons,  the  remaining  jiart 
gives  off' a branch  which  sends  one  back  to  tlic  brachialis  intemus, 
behind  the  tendon  of  the  biceps,  and  then  gives  branches  to  the 
skin  of  the  fore-arm,  in  the  place  of  the  cutaneous  portion  of  the 
musculo-cutancous  nerve  in  Man  ; it  then  joins  the  branch  from 
the  first  and  second  dorsal  nerves,  about  an  inch  above  tbe  elbow, 
to  form  the  median  nerve,  which  is  small  as  compared  with  that  in 
Man.  The  nerve  thus  formed  passes  under  the  origin  of  the 
j)ronator  teres,  and  gives  branches  to  this,  the  flexor  carpi  radialis, 
and  the  suj>erficial  and  deep  flexors  of  the  digits ; it  then  passes. 
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by  the  side  of  the  radial  flexor  and  between  the  digital  flexors, 
through  the  annular  ligament ; it  is  continued  in  the  fore-paw 
between  the  tendons  of  these  muscles,  at  the  division  of  which  it 
sends  off  branches;  it  gives  filaments  to  the  skin  of  the  palm,  and 
a branch  to  the  rudimental  pollex,'  another  to  tlie  inner  si<le  of 
the  index  (it),  and  a branch  to  be  joined  by  one  from  the  deep 
palmar  for  the  outer  side  of  the  index  and  the  inner  side  of  the 
medius  (m);  another  branch  also  to  be  Joined  by  a branch  from 
the  deep  palmar  for  the  outer  side  of  the  medius  and  the  inner 
side  of  the  annularis  (iv).  The  ulnar  nerve  is  formed  by  the 
first  and  second  dorsals ; it  descends  behind  the  inner  condyle  of 
the  humerus,  covered  by  thick  fascia  and  by  part  of  the  flexor 
sublimis ; it  then  passes  down  the  fore-arm  between  the  flexors  of 
the  fingers  and  the  ulnar  flexor  of  the  wrist.  In  the  fore-arm  it 
is  larger  than  the  continuation  of  the  median  nerve : it  sends  a 
branch  to  the  ulnar  side  of  the  superficial  and  deep  flexors  of  the 
digits  and  the  ulnar  flexor  of  the  wrist : near  the  hand  it  sends  a 
branch  to  the  back  of  this  jiart  to  communicate  with  the  radial 
branch  of  the  musculo-spiral  nerve,  and  then  proceeds  to  the 
outer  side  of  the  fifth  digit  (v) ; it  passes  deeply,  confined  by  a 
ligament  at  its  entrance,  into  the  palm,  and  sends  a branch  for 
the  inner  side  of  the  fifth  digit  and  the  outer  side  of  the  fourth  ; 
the  rest  of  the  nerve,  forming  the  deep  palmar,  divides  into 
branches,  which  terminate  on  the  interosseous  and  other  small 
muscles  situated  in  the  palm,  and  give  branches  to  join  those  of 
the  median  sent  to  the  outer  side  of  the  index  and  the  inner  side 
of  the  medius  digit ; also  to  the  outer  side  of  this  and  the  inner 
side  of  the  annularis.  The  distribution  of  the  median  nerve  is 
nearly  the  same  in  the  Felines,  but  the  trunk  traverses  the  ento- 
condyloid  canal.  The  musculo-spiral  nerve  has  a slight  com- 
munication with  the  sixth  cervical,  but  is  principally  formed  from 
the  seventh  and  first  and  second  dorsals ; it  gives  branches  to  the 
different  heads  of  the  triceps  muscle,  and  winds  round  betw-een 
the  inner  and  large  heads  of  the  triceps  to  the  outside  of  the  arm, 
and  divides  into  two  large  branches ; one  gives  off  a cutaneous 
branch  to  the  outer  side  of  the  fore-arm,  and  then  descends  in  the 
place  of  the  radial,  giving  branches  to  the  skin,  and  dinding  to 
terminate  on  the  skin  at  the  back  of  the  paw  and  the  side  of  each 
digit,  except  the  outer  side  of  the  fifth,  and  communicate  with 
the  dorsal  branch  of  the  ulnar ; the  other,  in  passing  to  the  back 
of  the  fore-arm,  gives  a branch  to  the  long  and  the  short  supinator 
muscles ; it  then  divides  to  terminate  in  the  extensor  carpi  radialis 

’ VoL  ii.  p.  306,  191,  Hgami.  i,  which  also  scrrei  to  cxempllfj  the  homology 

of  the  digits  of  the  fore-paw  in  the  Dog  and  Cat. 
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and  the  extensor  digitoruin,  whilst  a long  branch  passes  on  and 
gives  filaments  to  the  extensors  of  the  pollex  and  to  the  wrist- 
joint,  but  does  not  terminate  on  this  part  in  a ganglion,  as  in  Man 
and  Quadrumana. 

There  are  thirteen  pairs  of  dorsal  nerves,  and  their  principal 
deviation  from  those  in  Man  consists  in  a smaller  sixe,  a more 
direct  course,  and  a less  distribution  on  the  abdominal  muscles, 
and  by  those  at  the  lower  part  of  the  thorax  being  covered 
by  an  extension  of  the  origin  of  the  psoas  muscle,  also  in  the 
anterior  cutaneous  branches  supplying  the  different  portions 
of  the  elongated  mammary  glands  in  the  female,  as  well  as  the 
skin.  The  posterior  or  dorsal  divisions,  after  supplying  the 
museles  connected  with  the  spine,  the  sacro-lumbalis  and  longissi- 
mus  dorsi,  send  a branch  between  these  and  the  latissimus  dorsi 
to  the  skin.  The  anterior  or  ventral  divisions  of  the  lumbar  and 
sacral  nerves  supj)ly  principally  tlie  parts  connected  with  the 
lower  extremity,  the  bladder  and  rectum  ; the  dorsal  divisions  of 
the  second  and  third  lumbar  nerves  supply  the  skin  as  well  as  the 
sacro-lumbalis  and  other  muscles  connected  with  the  dorsal  parts 
of  the  vertebras ; the  dorsal  divisions  of  the  succeeding  lumbar 
nerves  are  distributed  to  the  muscles  only ; the  dorsal  divisions  of 
the  sacral  nerves  supply  the  muscles  on  that  surface  of  the  tail. 
The  nerves  are  not  very  different  from  those  in  Man,  except  in 
their  number,  and  consequently  in  their  conjunction  a little 
higher  or  lower  for  forming  the  nerves  of  the  lower  extremity. 
The  anterior  dirisions  of  the  three  first  lumbar  nerves  give  fila- 
ments to  the  psoas  muscle,  and  then  pass  forward  to  terminate  in 
the  abdominal  muscles  and  skin.  The  fourth  gives  filaments  to 
the  psoas  and  internal  iliac  muscles,  and  sends  a branch  to  join 
one  from  the  third  to  form  the  external  spermatic  on  the  external 
iliac  artery,  which  passes  through  the  external  abdominal  ring  to 
the  spermatic  chord ; in  the  female  this  was  distributed  on  the 
posterior  division  of  the  mammary  gland;  it  sends  off  another 
branch  which  gives  a filament  to  the  exterrml  iliac  artery,  and 
then  joins  the  sixth ; the  rest  of  the  fifth  passes  down  on  the 
exterior  of  the  thigh  to  the  skin,  and  forms  the  external  cutaneous 
nerve.  The  sixth  receives  a branch  from  the  fifth,  gives  fila- 
ments to  the  internal  iliac  muscle ; part  of  it  is  then  joined  by  a 
large  branch  from  the  seventh  to  form  the  anterior  crural  nerve  ; 
the  other  part,  after  receiving  a large  and  small  branch  from  the 
seventh,  becomes  the  obturator  nerve.  The  seventh,  having 
given  off  the  preceding  branches,  joins  the  first  and  second  sacrals 
and  a branch  of  the  third  for  forming  the  sciatic  nerve.  The 
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junction  of  the  first  and  second  sacral  gives  a branch  to  the  pyri- 
form muscle,  and  a larger  one  to  pass  out  at  the  ischiatic  notch  to 
supply  the  gluteal  muscles  and  the  tensor  fasciw.  Some  branches 
derived  from  the  second  and  third  sacral  nerves  comhiiic  with  the 
hypogastric  plexus  for  supplying  the  blatlder  and  rectum,  and 
others  from  the  pudendal  nerves  for  the  muscles  connected  with 
the  anus  and  tail.  A branch  of  the  second  sacral  nerve  joins  the 
third  for  forming  the  anterior  caudal  nerve,  which  receives  the 
anterior  trunk  of  each  remaining  spinal  nerve,  and  passes  deep  in 
the  anterior  part  of  each  side  of  the  tail,  giving  off  branches  into 
its  conrse ; the  posterior  or  dorsal  trunks  of  the  same  nerves  form 
a nerve,  wliich  also  sends  off  branches  to  the  dorsal  muscles  and 
skin  of  the  tail. 

The  anterior  crural  nerve  passes  between  fibres  of  the  iliac 
muscle,  then  under  Poupart’s  ligament  at  the  inner  side  of  the 
sartorius ; it  gives  branches  to  this,  to  the  rectus  femoris,  the 
external  and  internal  vasti,  and  the  cruralis,  and  sends  off  the 
sa]>henus  nerve,  which  descends  across  the  thigh  to  the  inner  part 
of  the  leg,  communicates  %vith  a filament  from  the  obturator,  and 
is  continued  to  the  foot,  giving  filaments  in  its  course  to  the 
fascia  and  skin.  The  obturator  nerve,  on  emerging  from  the 
pelris,  gives  branches  to  the  pectineal  muscle,  the  triceps,  and 
gracilis,  and  sends  a branch  to  communicate  with  the  saphenus 
nerve ; several  fine  branches  pass  down  on  the  inner  side  of 
the  thigh  for  the  fascia  and  integriments.  The  sciatic  nerve, 
on  emerging  from  the  pelvis,  communicates  with  the  internal 
pudendal ; it  sends  a branch  to  the  internal  obturator  muscle, 
and  one  which  gives  a filament  to  the  upper-  portion  of  the 
gemelli,  and  then  passes  behind  the  tendon  of  the  internal 
obturator  to  the  lower  portion  of  the  gemelli  and  quadratus 
muscles.  The  sciatic  -passes  close  to  the  insertion  of  the  in- 
ternal obturator  muscle,  and  upon  or  behind  the  gemelli  and 
quadrati  muscles,  then  behind  the  trochanter  covered  by  the 
origin  of  the  biceps  to  which  it  gives  a branch ; it  sends  off  a large 
branch  which  divides  into  others  for  the  semimembranosus  and 
semitendinosus  muscles.  About  the  middle  of  the  thigh  it  sepa- 
rates into  the  posterior  tibial  and  peroneal  nerves. 

The  jxjsterior  tibial  nerve  sends  off  a long  slender  branch 
which  descends  on  the  posterior  part  of  the  gastrocnemius  muscle 
to  the  outer  side  of  the  leg,  sends  a branch  behind  the  tendo 
A chillis  to  the  |)osterior  tibial  nerve,  and  is  distributed  on  the 
skin  at  the  outer  side  of  the  leg  and  heel.  It  then  gives 
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hranches  to  the  gastrocnemius,  and  passes  between  the  heads  of 
this  and  gives  branches  to  the  flexor  of  the  toes,  the  tibialis 
posticus  and  the  flexor  longus  hallucis ; it  then  passes  down  the 
leg  on  the  inner  side  of  the  tendo  Achillis,  and  receives  the 
branch  from  the  long  slender  branch  sent  underneath  this 
tendon.  It  passes  behind  the  inner  condyle  of  the  tibia,  and 
divides  into  the  inner  and  outer  plantar  nerves : the  inner 
plantar  gives  a branch  to  the  inner  side  of  the  second  toe,  and 
then  communicates  with  a branch  of  the  deep  plantar,  and  divides 
for  the  outer  side  of  the  second  and  the  inner  side  of  the  third ; 
it  also  communicates  with  a branch  of  the  deep  plantar  given  to 
the  outer  side  of  the  third  toe  and  the  inner  of  the  fourth  ; the 
outer  plantar  nerve  passes  between  the  flexor  tendons,  and  sends 
a nerve  to  the  outer  side  of  the  foot  and  the  last  toe ; it  gives  off 
the  deep  plantar,  which  passes  underneath  the  short  flexor  of  the 
toes,  and  divides  into  branches,  and  gives  filaments  to  each  of  the 
small  muscles  situated  in  the  sole  of  the  foot,  and  a branch  to 
communicate  with  one  from  the  inner  plantar  nerve : it  then 
divides  for  the  outer  side  of  the  second  toe  (the  innermost  in  the 
Fox  and  most  digitigrades)  and  the  inner  side  of  the  third,  and  one 
for  the  outer  side  of  the  third  and  the  inner  of  the  fourth,  and 
another  for  the  outer  side  of  the  fourth  and  the  inner  of  the  fifth 
toe.  The  peroneal  nerve  gives  a small  branch  to  the  biceps  and 
filaments  to  the  fascia  near  the  knee ; it  then  divides  the  anterior 
tibial  nerve,  sends  off  branches  to  the  anterior  tibial  muscle,  the 
long  extensor  of  the  toes,  and  the  long  peroneal,  and  descends 
with  the  anterior  tibial  artery,  beneath  the  annular  ligament, 
and  gives  branches  to  the  ligaments  of  the  foot ; it  passes  on- 
wards, and  is  joined  by  a branch  from  the  continuation  or  dorsal 
branch  of  the  peroneal,  and  divides  for  the  outer  side  of  the 
second  and  the  inner  side  of  the  third  toe.  The  continuation  or 
dorsal  branch  of  the  peroneal,  gives  branches  to  the  short  and 
thinl  peroneal  muscles,  and  passes  behind  the  long  peroneal,  and 
emerges  between  this  and  the  long  extensor  of  the  toes  ; it  passes 
over  the  annular  ligament,  and  sends  a branch  to  the  outer  side 
of  the  foot  and  the  fifth  toe ; on  the  back  of  the  foot  it  sends  the 
branch  to  join  the  anterior  tibial  nerve ; it  separates  into  two 
branches,  the  first  divides  for  the  outer  side  of  the  third  and  the 
inner  side  of  the  fourth  toes,  the  other  for  the  outer  side  of  the 
fourth  and  the  inner  side  of  the  fifth  or  outermost  toe. 

The  chief  characters  of  the  minutely  detailed  distribution  of 
the  myelonal  nerves  of  Man,  in  works  on  his  anatomy,  are  found 
in  most  Quadrumana,  Mr.  Swan  has  remarked  that  the  saphenus 
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nerve  is  proportionally  larger  in  a Baboon  : and  he  also  notices 
the  large  size  of  this  nerve  in  the  Jaguar.  The  nerves  of  the 
palm  are  proportionally  smaller  in  Apes  than  in  Man,  and  do 
not  terminate  in  such  thick  brushes  of  filaments  at  the  tips  of  the 
fingers ; but  the  branches  from  the  musculo-spiral  and  ulnar 
nerves  to  the  back  of  the  hand  are  larger  in  proportion  than  in 
Man.'  Many  Quadrumana  have  the  ganglion  on  the  termination 
of  the  spiral  nerve  at  the  back  of  the  wrist ; but  in  the  Felidae 
there  is  only  a slight  enlargement  at  that  part  of  the  nerve. 

§ 212.  Sympathetic  system. — This,  as  an  addition  to  the  general 
nervous  system,  is  a speciality  of  the  Vertebrate  subkingdom  : as 
such  it  dawns  in  Myxinoids,  at  the  confluence  and  intestinal 
production  of  the  two  vagal  trunks,  and  is  differentiated  by  pro- 
gressive steps,  till  it  attains  the  general  condition  defined  in 
vol.  i.  p.  318,  § 57.* 

Where  it  begins  in  the  series  there  the  chief  centres  are  after- 
wards established,  as  the  semilunar  ganglions  and  solar  plexus,  so 
called  from  the  multitudinous  rays  that  diverge  therefrom ; they 
are  early  and  distinctly  visible  iu  the  mammalian  embryo.  The 
ganglions  of  the  sympathetic  vary  in  the  proportion  of  the  grey 
or  cellular  and  filamentary  or  tubular  constituents.  The  cellular 
part  forms  a greater  proportion  of  the  semilunar  ganglions  in 
Man  than  in  most  lower  ^lamraals  : and  it  is  greater  in  Car- 
nivora than  in  hoofed  quadrupeds.  The  filaments  radiating 
from  the  semilunar  ganglions  collect  themselves  into  interlaced 
groups  named  after  the  viscera  they  mainly  supply,  as,  the 
‘ gastric,’  ‘ hepatic,’  ‘ splenic,’  ‘ mesenteric,’  ‘ renal,’  ‘ spermatic,’ 
&c. : the  chief  branches  of  all  these  plexuses  attach  themselves 
to  the  arteries  of  the  several  organs : in  the  large  gastric  plexus 
of  the  Ruminants  they  accompany  these  to  the  several  divisions 
of  the  complex  stomach.  In  the  Carnivora  branches  of  the 
superior  mesenteric  pass  in  a more  definite  form  to  the  aggregate 
of  mesenteric  glands  at  the  root  of  the  mesentery.  In  Perisso- 
dactyles,  in  which  the  caecum  and  colon  are  remarkable  for  size 
and  complexity,  the  superior  mesenteric  plexus,  supplying  these 
j>art8  of  the  large  as  well  as  the  small  intestines,  is  proportionally 
larger  than  in  other  Mammals,  especially  as  compared  with  the 
inferior  mesenteric  plexus  in  Carnivora  and  Quadrumana.  In 

^ UT.  p.  193.  Mnch  of  the  foregomg  description  is  abridged  from  this  rich  store* 
boose  of  Comparative  Neorologj. 

* This  ime  idea  of  tbe  series  of  ganglions  and  nerrea.  called  * »jmpachetic*  in  Man, 
once  clearlj  attained,  will  leave  little  rof>m  for  specnlations  as  to  whether  tbe  ner- 
TOQS  system  of  insects  answers  to  the  myelcncephalic  or  sympathetic  part,  exclusively, 
of  that  of  Vertebrates. 


r 

‘ Digitized  by  Google 


!><•>  ANATOMY  Ol'  VERTKBRATF.S. 

the  Baboon  tlie  ciecuni  and  about  one  foot  of  the  colon  is  supplied 
by  the  superior  mesenteric  plexus,  and  the  remaining  five  feet  of 
the  large  intestine  by  the  inferior  one.  In  Carnivora  this  sup- 
plies about  the  terminal  half  of  the  large  intestine.  In  the 
baboon  Swan  noticed  a communication  between  the  right  phrenic 
nerve  and  the  semilunar  ganglion.' 

The  trunk,  advancing  or  ascending  from  each  semilunar  gan- 
glion, is  an  aggregate  of  cords  (‘  splanchnic  nerve,’  Anthropotomy), 
which,  perforating  the  diaphragm,  separate  to  form  communica- 
tions with  a variable  number  of  the  thoracic  ganglions  of  the 
symj»athetic.  In  the  baboon  Swan  traced  the  origins  or  con- 
nections of  the  right  splanchnic  nerve  w’ith  two  thoracic  ganglia 

in  advance  of  the  left,  this  extending 
over  the  heads  of  five  posterior  ribs, 
and  the  other  over  seven,  each  ex- 
panding into  a small  ganglion  at  the 
bottom  of  the  chest.  In  the  hetlge- 
hog  the  splanchnic  nerve  extends  over 
the  heads  of  the  four  last  ribs,  and, 
receiving  filaments  from  the  sympa- 
thetic, forms  a plexus  on  the  sides  of 
the  vertebras,  as  in  the  baboon ; but 
separates  from  the  trunk  of  the  sym- 
pathetic higher  in  the  chest  In  the 
jaguar  this  separation  occurs  a little 
above  the  diaphragm : in  the  hog  at 
the  pa.ssage  through  the  diaphragm. 
But  ‘ these  variations  do  not  seem  to 
make  any  difference  either  in  the  for- 
mation of  the  semilunar  ganglion,  or 
the  branches  preceding  from  them.’’ 
Kolliker  has  given  the  subjoinerl 
view,  fig.  1.17,  of  the  communication 
Hiiih  tiioraric  of  aj  mfntiioiir,  of  tlic  sislauchnic,  Svl,  with  the  mvelon 

llaMtll.  IJIIVIII  ••  * . r ^ n 

by  the  ‘ rami  communicantes  Rc,  Rc, 
and  with  the  ganglion  of  the  sympathetic,  O,  from  which  it  derives 
its  grey  fibres.  From  the  trunk  of  the  sympathetic  TV  and  the 
ganglion  the  nerve  s to  the  intercostal  artery  is  sent  off. 

In  Mammals  the  parts  regarded  as  ‘ trunks,’  or  ‘ main  chords’® 
of  the  sympathetic,  form  a symmetrical  pair  extending  along  the 
sides  of  the  centrums,  forward  to  the  basioccipital,  and  backward 

’ LIT.  p.  1 15.  ’ lb. 

* * Prolongations/  Swak.  liv.  passim. 
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to  the  coccyx  : anteriorly,  or  above,  they  j>ass  to  ganglions  and 
plexuses,  witliin,  or  iis 

about,  the  cranial 
cavity ; below  or 
behind,  they  con- 
verge and  unite, 

generally,  in  a ter- 
minal ‘ coccygeal  ’ 
ganglion.  In  their 
course  the  cords 

cross,  ventrally,  the 
issuing  trunks  of 
the  spinal  nerves, 
with  which  they  are 
connected  by  short 
threads,  including 
grey  and  white  fila- 

^ . . Section  of  alitb  Intf'rroaul  »lth  foiumuiilcatliig  bniirli  tu 

mcntS)  ftnd  there  lUbblttmaif. codUm.i.  i.xxrii’'. 

usually  swelling  into  ganglions.  The  grey  or  gelatinous  thread 
is  most  probably  a contribution  from  the  ganglion  to  the  myeb)iml 
nerve,  the  white  thread  is  sent 
from  the  nerve  to  the  sympa- 
thetic ganglion  : it  consists  of 
tubular  nerve-fibres,  and  these 
predominate  in  the  ‘ rami 
coramunicantes  ’ of  the  rabbit 
and  cat*  Under  a power  of 
sixty  diam.  after  addition  of 
dilute  solution  of  soda  Drum- 
mond found  such  fibres  con- 
tinued mainly  from  the  mye- 
lonal  end  or  origin,  fig.  138, 

C,  of  an  intercostal  nerve,  and 
converging  to  form  the  com- 
municating branch,  RC,  with 
the  sympathetic  ganglion.  A 
few  filaments,  a,  a,  disappear 
among  those  of  the  intercostal 
nerve  rather  in  the  direction 
of  its  outward  course.  Traced 
to  the  sympathetic  ganglion, 
as  in  fig.  139,  they  diverge, 

> LXXVU  ".  p.  446. 


Fourth  thormrie  fBufftlon.  wUb  ronruv  of  flbrM  rereirod 
l>7  U>e  coDiiDunirtitlbf  hruurh,  c.  from  (be  nijelon. 
fodlem.)  Lxxvii 


Digitized  by  Google 


184 


AXATOMY  OF  VERTEBKATES. 


spreading  over  its  cellular  part  g,  most  of  them  passing  either 
forward  at  h,  or  backward  at  a,  and  thus  adding  to  the  substance 
of  the  main  trunk.  A,  B. 

These  ganglionic  enlargements  are  more  distinct  from,  and 
proportionally  larger  than,  the  cords  in  Man  and  Unguiculates, 
than  in  Ungulates  and  some  lower  Mammals.  There  is  also  some 
difference  in  the  character  of  the  cords  themselves.  In  the 
Quadrtimana  and  Carnivora,  dissected  by  Swan,  as  well  as  in 
the  hedgehog  and  rabbit,  the  cord  was  ‘ thick  and  narrow  ’ as 
in  Man  : but  in  the  ass,  calf,  and  goat  it  was  broad  and  flat, 
and  composed  of  parallel  threads  communicating  with  each  other. 
In  the  ass  it  continues  of  almost  the  same  breadth  nearly  through- 
out the  thorax.  ‘ In  the  calf,  after  the  thoracic  plexus  is  given 
off,  it  becomes  narrower;  it  then,  in  descending,  gradually  gets 
broader  after  its  communication  with  each  intercostal  nerve,  and 
appears  rather  to  have  had  a branch  added  to  it  by,  than  to  have 
given  one  to,  each  nerve.’’  The  thoracic  portion  of  the  sympa- 
thetic supplies  nearly  the  same  parts  as  in  Man.  In  the  jaguar, 
branches  from  several  of  the  thoracic  ganglia  of  the  right  side 
unite  and  communicate  with  the  right  posterior  pulmonary  plexus, 
and  then  cross  the  s])ine  to  communicate  with  the  left  posterior 
pulmonary  plexus.  In  the  calf,  a similar  plexus  gives  off  the 
more  inferior  cardiac  nerves  to  the  left  auricle  and  ventricle : it 
proceeds  from  four  or  five  of  the  thoracic  ganglia  of  the  right 
side,  and  communicates  with  the  vagal  nerve:  branches  extend 
across  the  spine  behind  the  gullet,  and  communicate  with  some 
from  a similar  plexus  on  the  left  side.  The  first  of  anterior 
thoracic  ganglion  is  commonly  notable  for  its  size,  and  sends  off 
filaments  of  communication  with  the  vagal,  recurrent,  and  phrenic 
nerves.  The  cord  between  the  first  thoracic  and  last  cervical 
ganglion  is  short,  and  usually  divided,  or  traversed,  by  the  ‘sub- 
clavian ’ or  ‘ trunk  of  the  brachial  ’ artery.  In  Man  the  two 
ganglions  seem  to  blend  into  one.  The  lower  cervical  is  always 
a notable  ganglion : the  inferior  cardiac  nerves  proceed  from  it. 
The  sympathetic  trunk  divides  and  passes  forward  along  the  neck  : 
the  smaller  portion,  along  the  vertebrarterial  canal,  answers  to 
the  cervical  part  of  the  trunk  in  birds : the  larger  portion  extends 
in  close  connection  with  the  trunk  of  the  vagus,  and  ‘ in  the 
calf  it  has  sometimes  very  small  ganglia’  imbedded  in  it, 
which  give  filaments  to  accompany  the  small  arteries.’*  In  the 
hedgehog  and  rabbit  this  connection  between  the  sympathetic 
and  vagus  is  less  intimate.  In  this  part  of  the  sympathetic  there 

* LIV  p.  115.  » Ib.  p 11.5. 
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is  an  anterior  or  superior  cervical  ganglion  as  well  as  the  inferior 
one ; but,  in  Man,  a small  ‘ middle  cervical  ’ is  added.  In  the 
vertebrarterial  tract  communications  are  made  with  the  successive 
spinal  nerves,  as  in  the  thorax,  but  without  the  ganglionic 
enlargements,  at  least  so  conspicuous.  This  seems  to  be  more 
truly  the  forward  continuation  of  the  trunk  than  the  cord  con- 
nected with  the  vagus. 

In  the  hog  branches  from  the  superior  cervical  pass  forward  to 
the  second  di\-ision  of  the  fifth  and  to  the  sixth  nerve : ‘ there  is 
not  a distinct  vidian  nerve  passing  in  a canal  of  bone,  as  in  the 
calf  and  ass ; but  the  branch  most  resembling  it  can  be  traced 
on  the  second  trunk  of  the  fifth  to  the  place  where  the  palatine 
and  lateral  nasal  nerves  prtjceed.’’  In  the  sheep  two  small  and 
two  larger  filaments  ascend  from  the  superior  cervical  ganglion 
and  form  a plexus,  from  which  the  vidian  nerve  passes  to  the 
lateral  nasal  and  two  branches  to  the  gasserian  ganglion.  In 
the  ass  the  superior  cervical  ganglion  has  a more  elongate  form, 
and  sends  branches  which  form  a plexus  round  the  entocarotid : 
some  filaments,  joining  others  from  the  glossopharyngeal,  supply 
the  lining  membrane  of  the  tympanum.  The  chief  offsets  com- 
municate with  the  second  division  of  the  fifth,  the  sixth,  and 
facial  nerves ; the  vidian  piisses  forward  at  the  inner  side  of  the 
eustachian  tube,  traverses  its  bony  canal,  and  joins  the  branch 
from  the  second  trunk  of  the  fifth,  which  divides  into  the  lateral 
nasal  and  palatine,  but  there  is  no  ‘ sphenopalatine  ganglion  ’ at 
the  junction.  The  chief  plexuses  in  the  cephalic  part  of  the 
sympathetic  are  the  ento-  and  ecto-carotid  and  the  cavernous. 
These  are  more  directly  derived  from  the  superior  cervical  gan- 
glion. The  plexus  about  the  vertebral  artery  formed  by  the 
accompanying  portion  of  the  sympathetic  is  continued  to  the 
basilar  artery  and  its  cerebral  branches.  From  the  lower  part 
of  the  superior  cervical  ganglion  the  superior  or  long  cardiac 
nerve  is  sent  off : also  nerves  to  the  common  carotid,  the  pharyn- 
geal plexus,  and  to  communicate  with  the  vagus,  spinal  accessory, 
ninth,  and  suboccipital  nerves.  Swan  remarks  that  the  superior 
cervical  ganglion,  ‘ in  many’  (mammalian)  ‘ instances  corres|>onds 
in  bearing  a proportionate  size  to  that  of  the  second  trunk  of  the 
fifth.’’  The  greatest  proportion  of  the  sympathetic  continued 
from  that  ganglion,  passed  to  the  front  of  the  gasserian,  giving 
off  the  first  and  second  trunks  of  the  fifth.  He  failed  to  find  a 
distinct  sphenopalatine  ganglion  in  the  monkey  and  baboon. 

* In  the  baboon  and  ass  the  three  first  lumbar  ganglia  of  the 

• LIY.  p.  112.  • Jb.  p.  110. 
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xynipathetic  send  branches  to  the  semilunar  ganglion,  to  the 
renal,  spermatic,  and  aortic  plexuses.’  ‘ The  uterine  nerves  are 
derived  from  the  hypogastric  plexuses ; they  accompany  the  ves- 
sels along  the  broad  ligaments ; most  separate  therefrom  before 
reaching  the  uterus : others  retaining  a plexiform  arrangement 
about  the  vessels,  show  minute  ganglia  in  their  course,  fig.  140. 
In  long-tailed  Mammals  the  sympathetic  is  continued  beyond  the 

azygous  ganglion  on  the  caudal  artery, 
sometimes  as  a pair  of  cords  (jaguar).* 
In  all  Mammals  examined  to  this  end 
filaments  of  the  sympathetic  have  been 
traced,  with  those  of  the  third  and  fifth, 
to  the  ophthalmic  ganglion,  sending  off 
the  ciliary  nerves:  andthegeneral  result 
of  this  branch  of  Comparative  Neuro- 
logy tends  to  establish  the  conclusion 
that  every  myelencephalic  nerve  con- 
tains some  proportion  of  filaments  from 
the  sympathetic,  whilst  every  sympa- 
thetic ganglion,  reciprocally,  receives 
some  filaments  from  the  myelencephalic 
system.  These,  however,  are  so  mo- 
dified as  to  be  unequal  to  the  trans- 
mission of  volitional  influence  to  the 
organs  mainly  supplied  from  the  sym- 
pathetic ganglions:  but  they  may  be 
the  media  of  conveying  thereto  invo- 
luntary influence  and  the  stimulus  of 
violent  emotions : and,  conversely,  they 
may  convey  the  sensations  of  pain  from 
the  irritated  ganglion  to  the  encepha- 
lon. The  sympathetic  system  mainly 
governs  nutritive  and  secretive  processes  and  involuntary  move- 
ments; it  influences  the  contractile  power  of  bloodvessels,  the 
coats  of  which,  in  all  Mammals,  show  a considerable  plexiform 
sup|)ly  from  the  sympathetic  system. 

§ 213.  Organs  of  Touch. — In  considering  such  parts  in  Mam- 
malia, the  sensibility  of  their  liighly  organised  integument,  exem- 
plified by  its  agitation  in  the  horse  on  the  contact  of  a fly,  must 
l>e  distinguished  from  the  special  adaptations  of  parts  or  appen- 
dages of  the  skin  for  purposes  of  tactile  exploration.  Increased 
supply  of  bloodvessels  and  nerves  to  a part  of  the  tegument 
* LIV.  p.  117.  • lb.  p.  117. 
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which  is  tliin,  soft,  or  papillose,  exalts  its  sensibility ; as,  for 
example,  in  the  lips,  at  the  end  of  a teat,  of  a clitoris  or  penis, 
and  to  a degree,  in  the  latter  instances,  approaching  the  cha- 
racter of  a special  sensation.  In  land-uiamnials  the  hair  is  not 
developed  on  the  more  sensitive  surfaces,  and  the  skin  there  is 
commonly  thinnest.  Man  exemplifies  the  maximum  of  dermal 
sensibility  through  the  comparative  thinness  and  general  naked- 
ness of  his  integument.  That  which  covers  the  broad  tips  of  the 
fingers  is  unusually  vascular,  and  richly  supplied  with  penicellate 
plexuses  of  nerves : the  filaments  to  the  papillse  seem  to  terminate 
in  condensed  corpuscles  of  cellular  tissue,  certainly  continuous 
with  the  terminal  neurilemma — the  ‘ corpuscula  tactus  ’ or  ‘ axilc’ 
corpuscles, — occupying,  each,  the  centre  of  a papilla.  The 
digital  papillae  average  in  Man  i-J^th  of  an  inch  in  length,  with 
a basal  diameter  of  -j^th  of  an  inch  ; they  are  conical  with  a 
rounded  apex.  Each  is  supplied  by  a branch  from  the  arterial 
plexus  of  the  cutis : they  do  not  project,  like  the  lingual  papillae, 
be}'ond  the  ej)ithelial  level.  Tactile  pajiilla;,  usually  of  a larger 
or  coarser  kind,  are  develojied  on  the  digital  integument  in  Quad- 
rumana,  and  on  the  naked  surface  of  the  skin  of  the  prehensile 
tail  {Atelet);  also  on  the  naked  terminal  integument  of  the  nose 
of  quadrupeds,  especially  when,  as  in  the  pig,  mole,  and  shrew, 
it  is  produced  as  an  exploratory  ‘snoiit,’  fig.  297,  or  forms,  as 
in  tapirs  and  elephants,  a ‘ proboscis.’  Certain  of  the  papilla: 
of  the  prominences  commonly  so  called,  fig.  149,  on  the  surface 
of  the  tongue  are  tactile,  but  whether  also  gustatory,  or  distinct 
from  those  that  taste,  is  undetennined.  The  marginal  integument 
of  the  upper  and  lower  mandible  of  the  Ornithorhi/nchus  is 
eminently  tactile. 

Certain  hairs  acquire  a size,  length,  firmness,  and  such  a con- 
nection of  their  sclerous  Easal  capsule  and  bulb  with  sensory 
nerve-filaments,  as  to  receive  very  delicate  impressions  by  contact 
with  extraneous  objects  or  impulse : they  are  termed  ‘ vibrissa:  ’ 
or  whiskers.  The  bulb  and  capsule'  of  the  whisker  is  sunk  deep 
into  the  substance  of  the  derm,  and  is  inclosed  in  a sclerous  cap- 
sule,’ which  in  the  walrus’  shows  an  almost  cartilaginous  hard- 
ness. The  bristles,  in  that  marine  carnivore,  have  the  firmness 
of  horn,  and  act  as  a staff,  in  a way  analogous  to  that  held  and 
applieil  by  the  hand  of  the  blind  man.*  The  varieties  in  the 

* XX.  vol.  iii.  (1835),  pi.  xliii..  fig  7^/,  * internal  theca.* 

* Ib.  e,  * external  theca.*  * lb,  fig.  10. 

* The  analugj  of  this  action  in  aquatic  mammals  to  the  impiepsions  conveyed  by 
vibrations  continued  from  the  surrounding  medium  along  ihe  gelatinous  contents  of 
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cliaracter  of  vibrissaj  are,  in  like  manner,  adapted  to  receive  and 
communicate  the  impressions  affecting  particular  species,  or 
special  localities — eyebrows,  cheeks,  lips — where  they  may  be  de- 
veloi)ed.  Whiskers  are  long  and  fine  in  the  crepuscular  cats ; 
still  longer  in  the  nocturnal  aye-aye. 

The  corpuscular  thickenings  of  the  neurilemma  with  the  soft 
centre  to  which  the  terminal  nerve-filament  may  be  traced 
(‘Pacinian  bodies,’  vol.  i.  p.  324,  figs.  213,  214)  are  related  to 
the  present  simplest  and  most  diffused  kind  of  sensation.  The 
degree  in  which  any  given  part  of  integument  can  discriminate 
two  distinct  contacts  is  shown  by  the  intermediate  distance  at 
which  they  begin  to  be  felt  as  a single  impression.  Obtuse 
points  of  a pair  of  compasses,  e.  g.  applied,  to  the  skin,  with  suc- 
cessive degrees  of  approximation  until  they  feel  as  one  point, 
have  shown  the  different  discriminating  power  of  different  parts 
of  the  surface  of  the  human  body,  %vhich,  in  the  main,  is  expressive 
of  the  degrees  of  general  sensibility  of  such  parts.  The  following 
are  instances  in  the  decreasing  ratio  of  acuteness  of  feeling  or 
discriminating  power: — tip  of  the  tongue,  palmar  surface  of  ter- 
minal joint  of  finger,  red  surface  of  lip,  tip  of  nose,  palm  of  hand, 
skin  of  cheek,  sole  of  foot  (parts  of),  buttocks  and  adjoining  part 
of  thighs,  loins,  back.' 

As  the  seats  of  special  sense  are  almost  devoid  of  common  sen- 
sation, so  surfaces  with  peculiar  kinds  of  the  latter,  as  the  teat, 
penis,  or  the  skin  of  the  axilla,  palm  and  sole  susceptible  of  the 
sensation  called  ‘ tickling,’  have  low  degrees  of  tactile  discrimina- 
tion. For  the  phenomena  and  relations  of  the  sense  of  tempera- 
ture, see  Lxviii". 

The  horn-cased  feet  of  the  Ungulates,  devoid  of  prehensile 
power,  neetl  no  nicety  of  touch  ; but  they  have  a sensitiveness  by 
which  the  degrees  of  firmness  of  soil,  e.  g.,  may  be  appreciated ; 
and  this  is  due  to  the  disposition  of  a highly  vascular  and  nervous 
stratum  into  fine  and  long  villi  on  the  sole,  and  into  numerous 
close-set  lamelUe,  fig.  17,’  17,  which,  interdigitating  with  soft 
horny  lamcllas  in  the  inner  surface  of  the  wall  of  the  hoof,  relate, 
at  the  same  time,  to  its  renewal  and  firm  attachment  to  the  ter- 
minal phalanx. 

In  Cetacea  the  peripheral  surface  of  the  derm  is  produced  into 
fine  and  long  papillie,  highly  vascular,  and  connected  with  nerve- 

the  tubes  whose  buried  base  receives  the  sensitive  nerve,  in  certain  Fishes  (vol.i 
p.  32S),  w8»  fir>t  appreciated  by  Hunter,  xx.  vol.  iii.  p.  55. 

t Fi>r  further  details  and  gradations  sec  lxviii".  vol.  ii,  p.  516,  and  ixix". 

’ XI.  vol.  iti.  p.  58,  preps,  nos.  14I0-U13. 
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filaments  from  the  subdermal  plexus.  Hunter  placed  his  demon- 
strations of  this  structure  in  the  series  of  tactile  organs,  and 
remarks : — ‘ These  villi  are  soft  and  pliable,  they  float  in  water, 
and  each  is  longer  or  shorter  according  to  the  size  of  the 
animal.  In  the  Spermaceti  Whale  they  are  about  a quarter  of  an 
inch  long;  in  the  Grampus,  Bottle-nose,  much  shorter;  in  all 
they  are  extremely  vascular ; ' they  are  sheathed  in  corresponding 
hollows  of  the  epiderm.’ 

The  naked  skin  in  Cetacea  is  even,  smooth,  and  polished,  in 
most  instances : the  numerous  longitudinal  plaits  along  the  under 
and  forepart  of  the  body  in  fin-whales  {Baloenoptera,  fig.  217,  c), 
would  allow  of  transverse  expansion ; yet  the  thorax  which  they 
cover  needs  not  such  provision.  It  is  peculiar  to  the  swifter- 
swimming  whales  that  pursue  mackerel  and  herring,  and  may 
serve  to  warn  them  of  shoals,  by  appreciation  of  an  impulse  of 
the  water  rebounding  therefrom,  and  so  conveying  a sense  of  the 
propinquity  of  sunken  rocks  or  sand-banks.  Sensitiveness  to 
movements  of  the  ambient  ocean  is  indicated  by  certain  observed 
phenomena.  Thus  whale-fishers  aver  that  when  a straggler  is 
attacked  its  fellows  will  bear  down  from  some  miles’  distance,  as 
if  to  its  assistance  ; and  it  may  be  that  they  are  attracted  by  per- 
ception of  the  vibration  of  the  water  caused  by  the  struggles  of  the 
harpooned  whale  or  cachalot.  But,  in  the  main,  tactile  or  discrimi- 
native sensibility  is  very  low  in  the  Cetacean  order.  The  thick 
hard  and  short  vibrissa!  on  the  lips  of  Sirenia,  appear  to  relate 
rather  to  prehension  than  exploration  of  food. 

The  extent  of  surface  and  delicate  organisation  of  the  parts  of 
the  skin  forming  the  wings  and  ear-conchs  of  those  of  the  Bat- 
tribe  that  pursue  volant  insects  (vol.  ii.  fig.  156),  and  the  an- 
tennal nose-leaves  of  many  species  (Bhinolophidce),  relate  to  the 
perception  of  atmospheric  impulses  rebounding  from  surfaces  near 
which  the  Bat  approaches  in  flight.  Thus,  when  deprived  of 
sight,  and  with  the  ears  and  nostrils  plugged  up,  as  in  Spallan- 
zani’s questionable  experiments,  he  avers  that  the  Bat  was  capable 
of  directing  its  flight  with  the  same  security  and  accuracy  as 
before,  guiding  its  course  through  passages  just  large  enough  to 
admit  it  without  coming  into  contact  with  the  sides,  and  even 
avoiding  numerous  small  threads  which  were  stretched  across  the 
room  in  various  directions,  the  wings  never  touching  any  of  them. 
The  delicate  sensibility  of  the  membranous  integument  meets  all 
the  conditions  of  the  crepuscular  or  nocturnal  flying  of  the  bat, 
without  involving  a new  and  peculiar  ‘ sixth  sense,’  as  deduced 

' XX.  vol.  iii.  p.  57,  no«.  U03-M0S. 
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by  the  narrator  of  the  above  experiments.  Like  the  antenna:  of 
some  insects,  tlie  ear-  and  nose-leaves  of  some  Bats  have  rapid 
vibratile  movements;  such,  at  least,  have  been  observed  in  captive 
specimens,  each  pinna  moving  independently  of  the  other ; ‘ it 
looked  as  if  he  were  feeling  for  sound  and  smell.’  ‘ The  nasal 
leaf  is  livid  or  flesh-coloured  in  Rhinolophus.  In  the  bats  of 
passive  foml,  such  as  the  Vampires  (Desmodi)  that  are  attracted 
by  scent  in  a direct  flight  to  the  large  living  body  they  suck,  and, 
when  gorged,  flit  lazily  back  to  drowse  away  a long  digestion  in 
their  murky  retreats ; or  such  as  the  Roussettes  (/Veropi)  that  wing 
their  way  to  fruit  trees,  and,  after  feeding,  suspend  themselves  in 
sleep  to  the  branches ; the  auricular  and  nasal  tcgumentary 
ap()cndages  are  sm.all  and  simple : such  sensitive  tactile  guides 
or  Warners  in  flight  are  only  needed  in  the  bats  of  active  food, 
ui  which  must  follow  in  swift  evo- 

lutions, like  the  swallows,  but 
in  gloom,  the  volatile  insects 
that  people  the  summer  air  at 
dawn  or  dusk. 

§ 214.  Organ  oj  taste. — The 
tongue  attains  in  mammals  its 
full  development  as  an  organ 
of  taste;  and,  as  respects  the 
extent  and  organisation  of  the 
gnstative  surface,  in  the  highest 
degree  in  Man,  fig.  141.  The 
chief  distinction  of  this  from  a 
tactile  surface  is  that  the  sensi- 
tive papillie  are  on  processes 
rising  alx>ve  the  epithelial  level, 
said  processes  being  com- 
monly callc<l  ‘ papilla:.’  As  we 
descend  in  the  mammalian  series 
the  mechanical  offices  of  the 
tongue  predominate  over  the 
sensitive  ones.  In  the  Giraffe, 
Pangolins,  Anteaters,  and 
Echidna,  its  most  obvious  office 
is  that  of  prehension ; and  in  the 
Ornithorhynchus  it  supports  teeth,  horny  like  those  of  the  jaws, and 
it  has  mechanical  moilifications  in  relation  to  the  check  |x>uches. 
In  all  Mammals  the  dorsum  of  the  tongue  is  mure  or  less  papil- 
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lose,  and  in  most  the  papilla:  offer  the  three  eonditions  called 
‘ conical,’ fig.  150,  ‘ fungifonn,’  fig.  149,  and  ‘ fossulate,’  fig.  148,/. 

The  tongue  is  well  developed  and  freely  movable  in  all 
Marsupials,  and  the  epithelium  eovering  the  conical  papillae  is 
rarely  condensed  into  spines.  In  the  carnivorous  species,  as  the 
Datyuri,  the  conical  papillae  are  minute  and  soft,  but  directed 
backward,  so  as  to  give  a slight  roughness  to  the  tongue  when 
stroked  in  the  opposite  direction : under  a lens  they  appear  like 
fine  shagreen.  Near  the  base  of  the  tongue  in  Dasyurust  viver- 
rinus  there  are  three  fossulate  papillae,  in  triangle,  with  the  apex 
toward  the  epiglottis.  A small  fibrous  or  sclerous  rudiment  of  the 
‘ glosso-hyal,’  called  ‘ worm,’  or  lytta,  lies  lengthwise  beneath  the 
tip  of  the  tongue.  In  the  Perameles,  besides  the  minute  and  gene- 
rally diffused  simple  papillae,  there  are  fungiform  ones,  of  larger 
size,  placed  at  distances  of  nearly  a line  apart,  and  raised  about  a 
third  of  a line  above  the  surface  of  the  dorsum.  The  fossulate 
papillae  correspond  in  nnmber  and  arrangement  with  those  of  the 
Dasyures,  but  the  entire  tongue  is  relatively  longer  and  more 
slender,  especially  in  Per.  lagotis.  In  some  species  of  Opossum,  as 
Didelphys  Philander,  the  margin  of  the  tongue  is  fringed  with  a 
scries  of  fine  long  papillae.  In  Didelphis  virginiana  the  conical 
papillae  of  the  fore  part  of  the  dorsum  are  retroverted  and  sheathed 
with  hard  epithelium.  In  the  Phalangers  there  is  a thickening  at 
the  edge  of  the  fraenum  linguae,  but  no  true  lytta:  the  dorsal 
papillae  resemble  those  of  the  Dasyures,  but  are  somewhat  more 
obtuse.  In  the  Kangaroo  there  is  a callous  ridge  along  the 
middle  of  the  under  surface  of  the  free  extremity  of  the  tongue, 
and  a corresponding  furrow  along  the  dorsum ; the  latter  is 
common  to  all  the  Marsupials.  In  the  Wombat  and  Koala  the 
dorsum  of  the  tongue  rises  somewhat  abruptly  from  a furrow 
surrounding  its  base ; its  form  is  narrow,  moderately  deep,  dimi- 
nishing in  this  respect  to  the  tip,  which  is  rounded.  In  both  the 
Kangaroo  and  Kuala  there  is  a single  large  fossulate  papilla  near 
the  base  of  the  tongue.  In  Dendrolagus  there  are  three  such, 
arranged  in  a triangle  with  the  apex  turned  forward. 

Most  Rodentia  show  two  well-marked  divisions  of  their  usually 
deep  and  compressed  tongue : an  anterior,  which  from  its  vascular 
and  papillose  surface  is  the  main  seat  of  taste,  and  a posterior  or 
intermolar  tract,  which  rises  somewhat  abruptly  above  the  level 
of  the  preceding  and  brings  the  food  to  that  of  the  triturating 
surface  of  the  molars. 

The  tongue  seems  to  fill  the  narrow  mouth  of  Rodents  more 
compactly  than  usual,  commonly  bearing  the  impress  of  the 
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palatal  furrows  on  its  dorsum  and  of  the  grinding  teeth  on  its 
sides : the  free  apex  is  short  and  usually  obtuse,  seldom  if  ever 
protruded  beyond  the  scalpriform  incisors.  In  the  coipu  (J/yo- 
jmtamus)  it  is  acuminate  and  covered  with  small  retroverted  shining 
velvety  papillae ; the  free  part  is  three  quarters  of  an  inch  in 
extent : the  basal  portion  of  the  dorsum  is  less  abruptly  elevated 
than  usual : it  has  but  two  fossulate  papillae,  as  in  the  capybara 
and  Lrporiilte.  The  squirrels  and  most  other  Kodents  have  three 
fossulate  papillae  forming  a triangle,  but  in  marmots  they  range 
almost  in  a line.  In  Capromys  the  apex  is  rounded,  free  for  half 
an  inch,  and  impressed  by  small  follicular  apertures  : the  conical 
papillae  are  minute,  but  near  the  base  become  larger  and  retro- 
verted; here  numerous  delicate  lines  converge  toward  the  epi- 
glottis : the  intermolar  part  of  the  dorsum  is  less  elevated. 
The  Agoutis  (Dasyprocta)  differ  from  the  Cavies,  Beavers,  and 
Hares,  in  the  gradual  elevation  of  the  intermolar  part  of  the 
doinum : the  apex  is  subacuininate,  minutely  papillose  above, 
with  a middle  longitudinal  furrow : at  the  root  are  many  elon- 
gated processes  covered  by  a thickish  epithelium.  In  the  beaver 
the  membrane  on  the  sides  of  the  tongue  descends  a very  little 
way,  and  is  reflected  upon  the  inside  of  the  cheeks,  in  advance  of 
the  molar  teeth.  In  the  porcupine  (Hystrix)  one  sees  a series  of 
scale-like  or  wedge-shaped  j)rocesses,  with  the  free  margin  divided 
info  two  or  three  points,  on  each  side  of  the  tongue. 

In  Insectivora  the  tongue  offers  little  worthy  of  notice  : most  have 
three  basal  fossulate  papilla;,  in  triangle  with  retroverted  apex. 
Tnpaia  shows  a long  fraenum  continued  to  near  the  apex,  and 
having,  on  either  side,  a thickish  fimbriate  fold.  In  Vespertilio 
murinus,  among  the  Bats,  the  papillas  at  the  fore  part  of  the  tongue 
have  a firm  epithelium  ; some  soft  obtuse  fungiform  papilla:  show 
a serial  arrangement:  two  fossulate  papillae  are  near  the  base. 
In  rhyllonycteris  Poeyi  the  papillae  are  retroverted  and  espe- 
cially long  and  setose  on  the  edges  of  the  tip ; which  is  narrowed 
and  canaliculate.  In  Artibfus  the  fore  part  of  the  tongue  is 
roughened  by  very  short  papillae;  those  behind  are  larger.  In 
Monop/tyllus  the  apical  papillae  are  so  long  as  to  give  a pennicellate 
character  to  the  tip  of  the  tongue,  but  this  relates  rather  to  its 
prehensile  function,  as  in  probing  night-blowing  flowers  for 
minute  insects.  The  same  brush-like  character  is  observable  in 
the  conical  papillae  of  many  other  Bats : in  the  Vampires  (Z)m- 
rnodun)  such  modification  is  subservient  to  suction.  In  some 
kinds  of  Pteropus  the  conical  papilla;  have  a hard  epithelium 
and  terminate  in  many  points : the  fossulate  papillae  at  the  base 
are  three  in  number  in  this  genus. 
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The  contrast  in  extensibility  of  tongue  is  very  great  in  the 
Lissencephalous  group,  as,  e.  g.,  between  the  Rodentia  and 
lirnta.  Viewed  as  orders,  the  first  offer  the  least,  the  latter  the 
greatest,  power  of  protrusion  and  mobility  of  the  lingual  organ 
in  the  whole  IMammalian  class : but  the  uniinjwrtance  of  this 
character  as  telling  against  affinity  is  shown  by  a similar  contrast 
between  the  two  representatives  of  the  Monotrematous  order, 
Ornithorhynchus  and  Echidna.  The  characteristics  of  the  tongue 
in  Rruta  are  due  to  the  development  of  its  motory  rather  than 
its  sensory  attributes,  are  attended  with  incre.ose  of  the  hypo-' 
glossal  more  than  of  the  glossopharyngeal  or  trigeminal  nerves, 
and  relate  to  the  acquisition  rather  than  to  the  discrimination  of 
alimentary  matters.  In  the  family  {Loricata)  of  the  order  in- 
cluding the  most  promiscuous  feeders,  the  tongue  is  better 
endowed  with  the  power  of  testing  the  sapid  qualities  of  the 
miscellaneous  organic  substances  in  the  rubbish  of  the  forests 
among  which  the  Armadillos  are  habitually  poking  their  pig- 
like snouts.  Relegating,  therefore,  the  notice  of  the  tongue  of 
the  purely  phyllophagous  and  myrmccophagous  Bruta  to  a 
future  chapter,  I shall  here  merely  state  that,  in  the  Armadillo, 
the  tongue  tapers  to  the  free  end,  has  a convex  dorsum,  trans- 
versely wrinkled  and  finely  papillose : at  about  an  inch  from  the 
root,  in  Dasypux  Peha,  there  are  two  fossidate  papilla; ' on  the 
same  transverse  line,  behind  which  a medial  furrow  extends  to 
the  epiglottis. 

The  tongue  has  but  little  mobility  and  a small  extent  of  free 
margin  in  any  Cetacean.  In  the  Poqwise  the  tip  is  fringed  by 
obtuse  processes  of  varying  length,  but  all  short,  fig.  296,  h,  the 
dorsum  is  flat,  devoid  of  papillous  processes,  and  smoothly  covered 
by  a level  of  thick  epithelium.  In  the  Gramjms  a .similar  fringe 
extends  some  way  back  on  each  lateral  margin  of  the  tongue. 
Anteriorly  these  margins  are  made  irregular,  in  the  Cachalots, 
by  fissures  and  warty  prominences.  The  Whales  have  not  the 
fringed  or  verrucose  marginal  structure.  The  tongue  in  them  is 
chiefly  remarkable  for  its  huge  size  even  relatively  to  the  body  ; 
and  this  is  mainly  in  breadth  and  depth.  When  swollen  by 
jiutrefaction  the  fore  part  may  be  protruded  a little  way  as  in 
fig.  217.  The  dorsum,  devoid  of  papilhc,  has  its  membrane  thrown 

' Daubenlon  eutcs  that  he  «aw  not  any  papilla:  even  with  a slrotif;  magnifier,  cxxii', 
vol.  X.  p.  242  ; and  De  Blainvillc  appears  to  hare  been  led  by  this  statement  to  affirm 
of  the  ‘ glands  ralyeinales  des  Edent^s,’  that  ‘quchitiefois  tiles  sont  nullts,’— Lxxx", 
p.  255, — of  which,  however,  I have  seen  no  instance. 
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into  numerous  minute  wavy  or  subparallcl  folds.  The  root  of 
the  tongue,  in  Hyperoodon,  shows  many  pores  of  glandular 
follicles,  anterior  to  which  are  four  large  fossulate  papilla:,  with 
a few  obtuse  conical  papilla:  at  the  sides;  a similar  structure 
here  occurs  in  the  tongue  of  the  Cachalot,  which  Hunter  compares 
to  ‘ a feather  bed  : ’ but  the  comparison  is  more  applicable  to  that 
in  the  whale-bone  Whales : for  the  tongue  is  firmer  and  more 
muscular  in  the  Cachalot  and  other  toothed  Cetacea,  tlian  in  those 
with  baleen.  Most  Cetacea  offer  a marked  contrast  to  the  other 
Mammals  in  havnng  the  skin  of  the  tongue  separated  from  tlie 
flesh  by  a Layer  of  blubber.  As  a rule,  in  Mammalia,  the  vas- 
cular and  sensitive  lingual  membrane  adheres  as  closely  to  the 
muscular  tissue  as  does  the  very  similar  skin  of  tlie  snail : its 
sanguine  tint  in  Bahcnidae  is  not  obscured  by  pigment:  but  in 
some  J)elj)tuHid(e  this  is  present  of  a leaden  colour. 

In  Sirenia  the  tip  of  the  Umgue,  fig.  142,  a,  projects  a little 

more  freely,  but  does  not 
reach  the  fore  part  of  the 
mouth : the  tongue  is  nar- 
rower in  projxjrtion  to  its 
length ; but  is  chiefly  re- 
markable for  the  excess  of 
develo|)ment  of  the  epithe- 
lium. In  the  Dugong  this 
covering  of  the  conicM  pa- 
jjilla:  at  the  fore  i)art  of  the 
dorsum  gives  it  the  appear- 
ance of  being  beset  with  spines.  A large,  but  short  thick,  retro- 
verted  horny  prt>ccss  projects  from  each  side  of  the  base  of  the 
tongue,  ib.  b,  b.  The  conical  papilla;  in  Manatus  have  a less  firm 
epithelium,  and  are  longer  and  finer  than  in  the  Dugong;  they 
are  limited  to  the  apex  and  jiart  of  the  dorsum.  The  fossulate 
papillic  are  numerous,  extending  on  each  side  the  dorsum  from 
tlie  anterior  third  to  near  the  base  of  the  tongue.  The  lingual 
epithelium  appears  to  have  reached  the  maximum  of  develop- 
ment in  the  now  extinct  boreal  Manatee  {Rhytina  Ste/leri). 

'I'lie  tongue  of  the  Elephant  is  tied  down,  as  in  the  Cetacea,  and 
a part  of  the  dorsum  is  made  by  muscular  action  to  represent  the 
tip  when  it  projects : in  relative  size  to  the  head  it  offers  the  ex- 
treme contrast  to  the  tongue  of  the  Whale : it  is  not  only  short, 
but  narrow,  and  represents,  apparently,  the  intcrmolar  part  of  the 
longue  in  Kodonts.  It  is,  however,  eminently  gustative:  the 
ineinbranc  is  highly  vascular,  with  very  nuincrous  muiutc  and 
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rather  obtuse  conical  papillas,  and  a few  large  fossulate  ones  near 
the  base. 

In  the  Rhinoceros  the  tongue  is  broad  and  flat,  a little  ex- 
panded anteriorly,  and  becoming  narrower  and  deeper  as  it  passes 
backward : there  is  a small  protuberance  on  the  dorsum,  between 
the  posterior  grinders,  divided  by  a median  furrow : the  large 
fossulate  papillae  are  principally  collected,  in  a group  of  ten  or 
twelve,  on  each  of  these  risings ; the  fine  close-set  pointed  pa]>illx 
on  the  fore  part  of  the  tongue  resemble  short  hairs  ; behind  these 
papilla;  the  e]>ithelium  is  condensed  into  a thick  callous  stratum, 
and  becomes  thinner  at  the  posterior  glandular  part  of  the  tongue. 
There  is  a ‘ lytta  ’ beneath  the  anterior  flattened  freely  projecting 
part  or  tip  of  the  tongue.'  The  horse  has  a relatively  longer  and 
narrower  tongue,  with  a greater  extent  of  free-tip,  -with  much  and 
various  motion  and  prehensile  power : the  base  of  the  tongue  is 
steadied  and  the  origin  of  the  ‘ linguales  ’ extended  by  the  glosso- 
hyal  (voL  ii.  fig.  305,  E,  g h):  the  surface  of  the  dorsum  is 
smooth  and  firm,  the  conical  papilliE  being  minute  and  close-set ; 
there  are  a few  fungiform  papilla:  along  the  sides,  and  three  large 
fossulate  ones  at  the  base ; the  free  ends  of  the  former  kind  arc 
subdivided  or  pa]>iUose.  The  tongue  of  the  Hippopotamus  is 
remarkable  for  its  terminal  expansion  and  flatness : it  is  slightly 
notched  at  the  middle  of  the  broad  tip : the  conical  pajnlla:  arc 
numerous  and  small ; the  prominent  part  of  its  large  fossulate 
papillae  are  cleft  into  smaller  ones.  In  the  Hog  the  edges  of  the 
fore  half  of  the  tongue  are  fimbriate : near  the  base  are  two 
fossulate  papilla; ; behind  which  are  numerous  coarse  retroverted 
conical  papilla:,  subserving  deglutition.  The  lingual  margins  arc 
not  fimbriate,  in  Phacochcertis : the  fossulate  papilla;  are  two,  as 
in  Su$,  and  the  anterior  two-thirds  of  the  dorsum  are  beset  with 
firm  gustative  papilla;.®  Numerous  small  conical  papilla;  give  a 
villous  character  to  the  dorsum  of  the  free  fore-part  of  the  tongue 
of  the  Camel ; among  which  larger  obtuse  fungiform  papillae  are 
dispersed  here  and  there ; mostly  at  the  under  side  near  the 
margin : the  dorsum  rises  at  the  intermolar  region,  the  conical 
papilla:  increase  in  size,  and  very  large  fossulate  papilla:  are  placed 
in  a row  on  each  side : the  mid-prominence  is  here,  also,  subdi- 
%-ided;  and  the  secondary  papilla;  usually  summnd  a secondary 
fossa,  fig.  143,  b.  The  tongue  of  the  Llama  is  similarly  dividerl  into 
a free,  gustative,  and  prehensile  part,  and  a deeper  intennolar 
masticatory  and  dcglutitional  part.  The  conical  or  filiform  pa- 
pillae are  most  delicate  and  minute,  extending  over  the  dorsum  of 

' t".  p.  39.  • uxux".  p.  64. 
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Camel.  In  true  llumiuants  thecoiiic.al 
papillae  in  the  tore  part  of  the  tongue 
are  elongate,  retroverted,  and  sheathed 
by  an  epithelium  harder  than  in  the 
CanielidcE ; the  fungiform  papilla:,  and 
the  large  irregular  callous  projections 
on  the  intennolar  part  arc  repeated : 
the  fossidate  papilhc  are  usually 
rounded  and  less  in  size.  In  some 
ruminants,  e.  g.  Aurochs  {Bison  euro- 
peus),  the  tongue  is  of  a deep  leaden 
colour.  The  muscular,  vascular,  and 
nervous  structures  of  the  long,  pre- 
hensile tongue  of  the  Giraffe,  fig.  144, 
are  described  in  detail  in  xcvii'  (pp. 
221-224) : and  in  relation  to  the  gus- 
tative  function  it  nee<l  only  here  be 
noted  that  the  epithelium  is  thickest 
at  the  apc.\,  on  the  upper  surface  of 
»vhich  it  sheathes  the  conical  papilhe. 


Touguc  of  Ui«  GirolTc.  xcvil*. 


the  anterior  division,  and  upon  the  sides  of  the  fore  part  of  the 
posterior  one.  A shallow  longitudinal  channel  impresses  the 
middle  of  the  dorsum  of  the  free  part.  The  fungiform  papillae  are 
143  scattered  along  its  margins, 

being  largest  at  their  under 
part,  and  here  also  ajijicar 
in  a distinct  longitudinal 
group  at  the  middle  in  ad- 
A ance  of  the  framum.  The 
callous  jirocesscs  and  fossu- 
latc  papilla:  in  the  intermolar 
part  resemble  those  in  the 
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and  forms  minute  retroverted  sjdnes,  wiiicdi  occasion  the  rasp- 
Jike  roughness  which  is  felt  in.  the  tongue  of  the  living  aid- 
mal.  The  upper  superficial  layer  of  the  lingualis,  which  act.® 
more  directly  on  these  papillie,  and  is  by  some  called  ‘ noto- 
glossus,’  is  conspicuously  differentiated  from  the  main  mass  at 
this  jiart  of  the  tongue.  The  deeper  transverse  fibres  decus- 
sate with  those  of  the  ojiposite  side,  the  ‘ septum  albescens  ’ 
l>eing  but  partially  present  in  the  tongue  of  Ruminants.  In  the 
Giraffe  a dark  leaden-coloured  pigment  is  developed  beneath 
the  epithelium,  covering  the  anterior  half  of  the  tongue,  in  rela- 
tion, j>erhaps,  to  its  frequent  exposure,  under  a tropical  sun,  in 
the  prehension  of  the  leafy  food:  the  pigment  assumes  a black 
colour  over  the  prominent  round  fungiform  papilla;,  which  are 
somewhat  sparingly  scattered,  like  coarse  grains  of  gun|>owder, 
over  the  dark-coloured  portion  of  the  tongue ; from  fifteen  to 
twenty  fossulate  papillse  are  arranged  in  an  irregular  longitudinal 
row  on  each  side  of  the  raised  intermolar  part  of  the  tongue.  As 
the  organ  is  mainly  a prehensile  one,  its  structures  thereto  adapt- 
ing it  will  l>e  described  in  connection  with  the  prcj>aratory  in- 
struments of  digestion. 

In  must  Carnivora  the  septum  is  complete,  and  the  ‘ fibrae 
transversae  ’ are  firmly  attached  to  it,  instead  of  decussating.  The 
lower  margin  of  the  septum  is  thickened,  and  in  many  species 
includes  the  long  cvlindrical  fibrous  body,  rcj»resenting  the 
‘ glosso-hyal,’  called  ‘ lytta,’  and  in  Dogs,  where  it  attains  its 
largest  size,  ‘ the  worm.’’  It  may  help  by  its  elasticity,  and  that 
of  its  sheath,  in  the  act  of  lapj>ing.  In  the  Seals  the  apex  of  the 
Uingue  is  bifid  and  fringed  «ith  delicate  papillas ; they  are  less 
marked  on  the  upper  flattened  surface:  towards  the  ba.se  are  the 
‘ fr^ulate  pajnllae,’ behind  which  the  lingual  membrane  is  puckered 
into  rugae  and  beset  with  numerous  follicles.  In  the  Bears 
the  apex  of  the  tongue  is  entire,  exi)anded,  and  imj)ressed  alx)ve 
bv  a medial  longitudinal  groove : the  conical  {)a]iill:c  arc  minute 
and  chjse-set,  with  soft  epithelium  : those  at  the  under  part  of  the 
margins  are  coarser.  In  Subumus  Thibetanus  with  the  simple 
papilla;  are  intermixed  small  white  petiolatc  papillae : near  the 
f>asc  are  eleven  large  fossulate  pajalla;  forming  two  sides  of  a 
triangle  whose  apex  is  turned  backward.  The  tongue  of  the 
Kinkajou  ( fVrco/eptei)  shows  seven  fossulate  papilla  similarly 
placed  and  arranged ; but  it  has  a long  and  large  ‘ lytta,’  liga- 
mentous anteriorly,  cellular  jwsteriorly,  in  a sheath  of  circular 
fibres.* 

* II.  Tol.  iii.  p.  83,  no«.  1514  (ffi/ana).  1514a  {Jackal).  ’ hXXXiV.  p.  122. 
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In  the  Hyaena  the  toiiffue  has  a circular  f?roup  of  conical 
papillse  near  the  fore  part  of  the  dorsum  sheathed  by  homy  epi- 
thelium, forming  retroverted  spinules.  In  Felines  they  cover 
a larger  proportion  of  that  part  of  the  tongue,  fonning  a ]X)werful 
rasp  in  the  great  species.*  The  gustative  papilla:  are  very  fine 
and  setose,  intermingled  with  the  homy  ones,  and  more  abundant 
towards  the  margins,  where  also  the  larger  petiolate  papilla:  arc 
scattered.  In  the  Lion  the  tongue  appears  of  considerable  length 
in  consequence  of  the  distance  between  the  hyoid  and  the  bony 
palate.*  The  soft  palate  is  of  proportional  extent,  and  all  that 
j)art  of  the  tongue  co-extended  therewith  is  represented  by  a 
smooth  faucial  membrane:  as  it  advances  it  becomes  covered  with 
large  soft  retroverted  papilla; ; then  there  appear  four  large  fos- 
sulate  papilla:,  anterior  to  which  the  simple  conical  papilla:  con- 
tinue, increasing  in  size  to  near  the  tip.  In  the  Jaguar  there  in- 
tervenes between  the  epiglottis  and  the  proper  base  of  the  tongue 
a smooth  faucial  mucous  tract,  like  that  in  the  Lion,  of  throe 
inches  extent.  In  the  Leopards,  Ounces,  Lynxes  and  Cats,  the 
larynx  and  tongue  are  in  close  proximity.  No  C.arnivore  shows 
a raised  intermolar  part  of  the  tongue.  It  is  equally  absent  in 
Quadrumana.  In  this  order  Hunter  noted  in  a Lemur  Mongoz, 
L.,  which  he  dissected,  that  ‘the  tongue  h.as  a part  underneath, 
shaped  like  a bird’s  tongue,  so  that  it  might  be  called  double- 
tongued.’*  This  long  flattened  process,  bifid  at  the  apex,  is 
shown  to  be  continued  forward  from  the  fnenum  in  the  prep.  No. 
LGIG.^  A like  structure  is  shown  in  Loris  (No.  1518);  and 
two  smaller  fncnal  processes  are  shown  in  the  tongue  of  another 
Lemurine  8pecies(No.  1517).  This  lingual  character  has  since 
been  found  to  prevail  throughout  the  Strepsirhinc  group*  down 
to  and  including  the  Aye-aye  ( Chiromys').  In  this  animal  the 
framal  or  sublingual  plate®  has  a short  and  simple  apex,  behind 
it  a filamentary  longitudinal  gristly  ridge  or  ‘ lytta,’  projects  from 
the  middle  of  the  under  surface  of  the  tongue.  A narrow  free 
fold  of  membrane  is  continued  backward  from  each  side  of  the 
base  of  the  fncnal  plate  to  the  corresponding  side  of  the  pha- 
rynx : a like  stmeture  obtains  in  the  Galagos  and  Pottos,  and 
supports  the  terminations  of  the  ducts  of  the  submaxillary  and 
sublingual  glands.  In  Perodicticus  the  broad  apex  of  the  fraenal 
process  is  jagged.*  The  conical  pajjilla:  are  short,  subobtuse,  and 

' XX.  Tol.  iii.  DOB.  1509-1 5 l.S. 

’ The  corresponding  modification  of  the  hyoid  arch  in  Felida  is  noticed  in  vol.  ii. 
P-  506.  • ccxxxvi.  Tol.  ii.  p.  29.  • xx.  vol.  iii.  p.  84. 

* Lxxxiii",  to  Lxxxvin".  • cif.  p.  41,  pi.  xii.  figs.  8 and  9,  a. 

’ Lxxxv".  pL  8,  figs.  8 iiiid  9. 
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rather  laige,  proportionally,  in  the  Aye-aye,  becoming  more  so 
toward  the  fauces.  The  fossulatc  papil  Ixfonn  a transverse  pair. 
In  Galagos  and  most  other  Lemuridm  there  are  three  fossulate 
{>apillae,  in  a triangle,  with  the  apex  backward.*  Obtuse  or 
fungiform  papillae  are  interspersed  with  the  conical  kind  in 
Lemur  proper.  The  tip  is  shaq>-cdged  in  Lemur  and  Microcebun, 
round  and  obtuse  in  Galago  and  Aye-aye. 

In  some  of  the  Platyrhines  the  tongue  is  long,  slender,  and 
somewhat  pointed,  e.g.,  Callithrix-.  in  which  the  fossulatc  papilla; 
are  three  in  number,  with  the  apex  of  the  triangle  backward. 
The  ‘ sublingua’  is  rudimental  or  obsolete  in  these  and  in  catarhinc 
Quadrumana,  in  which  the  tongue  gains  in  thickness  and  depth  : 
the  fossulate  papillte  continue  to  be  three  in  number,  but  the 
general  structure  of  the  tongue  closely  resembles  that  in  Man. 

The  human  tongue,  fig.  141,  mainly  differs  from  that  in  Quad- 
rumana  in  being,  so  to  speak,  less  massive,  less  deep  relatively 
to  its  length  and  breadth,  with  a greater  proportion  of  its 
margin  free,  and  for  a greater  extent.  It  is  the  most  perfect  of 
all  tongues  in  its  gustativc  and  other  sensibilities,  and  especially 
in  the  rapidity,  freedom,  and  variety  of  its  movements  ; whence 
its  applicability  to  the  numerous  exigencies  of  articulate  speech, 
as  well  as  to  prehension,  mastication,  insalivation  and  deglutition 
of  alimentary  substances. 

Of  the  muscles  moving  the  tongue  some,  e.g.  ‘ stylohyoid  ; ’ 
‘ digastricus,’  mylohyoid,’  ‘genio- 
hyoid,’ ‘sternohyoid,’  act  upon  it  us 


through  the  medium  of  the  hy- 
oidean  arch : others,  e.g.  ‘ stylo- 
glossus,’ ‘ genioglossus,’  ‘ hypo- 
glossus,’  ‘ palatoglossus,’  arising 
from  extrinsic  points  pass  or  are 
inserted  into  the  tongue’s  sub- 
stance : a third  class  of  fibres 

mainly  constitute  that  substance 
in  which  they  both  begin  and  end, 
and  are  called  the  ,‘  intrinsic 
muscles,’  and  collectively  ‘ lin- 


TrnnfirersctcetloD  of  Homnn  lonffiio,  at 
the  fore  part  of  iht' fnrnuDi  ccxl. 


gualcs.’  In  the  transverse  sec- 
tion, fig.  145,  the  genioglossi,  d,  arc  seen  decussating  vertically 
with  the  central  intrinsic  fibres,  c:  these  are  nominally  dis- 
tinguishable from  the  ‘ peripheral  mass  ’ of  these  fibres,  b,  owing 
to  their  greater  number  and  more  compact  arrangement  at  this 


‘ LXXXV".  pi.  S,  fi^.  7. 
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part;  in  a section  anterior  to  the  genioglossi  the  peripheral 
layer  is  uninterrupted.  The  central  mass  consists  of  transverse 
and  vertical  fibres,  the  latter  not  wholly  intrinsic  but  partly 
derived  from  the  genioglossi : the  peripheral  mass  mainly  con- 


us 


sists  of  longitudinal  fibres, 
of  which  those  along  the 
upper  and  under  surfaces 
are  intrinsic,  those  on  the 
sides  of  the  tongue  in  part 
derived  from  the  styloglossi. 

As  exemplified  in  the 
plan,  fig.  146,  the  vertical 
and  transverse  fibres  decus- 


Plan  of  iutrln^ic  luo^clcs  of  tongue,  ccxl. 


sate  in  the  centre,  and  there 


exclude  the  longitudinal  fibres : the  vertical  ones  diverge  and 
sprcatl  as  they  approach  b,  h,  and  cease  near  the  margins  a,  u'; 


147 


the  transverse  also  di- 
verge, as  they  approach 
h,  b,  and  disapjiear  near 
the  upper  and  under  sur- 
faces a,  a.  The  vertical 
emerge  from  the  trans- 
verse as  they  come  near 
the  upper  and  under  sur- 
faces a,  a,  and  the  trans- 
verse extend  freely  from 
the  vertical  to  attain  the 
lateral  margins  c,  c.  The 
longitudinal  fibres,  which 
ajipear  as  discs  in  trans- 
verse section , fig.  14  7 , c,  are 
seen  near  the  periphery, 
where  the  diverging  ver- 
tical and  transverse  fibres 
leave  room  for  them,  as  at 
b,  b,  and  in  greater  propor- 
tion at  the  surfaces  aa,cc. 
Thus,  at  certain  portions 
of  the  tongue,  three  sets 


section  ot  of  fibres  traverse  the  same 

area,  in  as  many  distinct 
directions  and  at  right  angles  one  with  the  other ; the  arrange- 
ment being  so  that  the  crossing  of  the  fibres  of  any  two  sets  forms 
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a net,  the  meshes  of  which  in  successive  layers  liecoine  canals 
through  which  the  fibres  of  the  third  set  |«ss  ; hence  in  whatever 
plane  they  he  viewed,  two  sets  are  seen,  in  profile,  crossing,  and 
one,  in  section,  perforating ; by  which  arrangement  they  mutually 
support  and  conduct  each  other,  independently  of  connective  tissue, 
the  dispensing  with  which  allows  for  the  aggregation  of  so  much 
more  muscular  tissue  in  the  tongue’s  substance.  In  fig.  147,  a 
magnified  view  is  given  of  a section  from  the  upper  surface,  a,  in 
fig.  145  : a are  the  vertical  fibres  extending  to  that  surface,  be- 
yond the  uppermost  transverse  fibres,  h,  and  decussating  with  the 
longitudinal  fibres  shown  in  section  at  c.  This  complex  arrange- 
ment becomes  simplified  toward  the  apex : the  longitudinal  fibres 
first  ceasing,  next  the  vertical  ones,  and  the  transverse  alone 
being  continued  to  the  tip.' 

The  skin  of  the  tongue  is  divided  into  the  papillose,  glandular, 
and  smooth,  mucous,  or  faucial  area::  the  latter,  fig.  141,  d,  has 
about  half  an  inch  of  longitudinal  extent  when  not  stretched, 
and  answers  to  the  much  more  considerable  tract  in  the  Lion. 
The  glandular  area  is  defined  anteriorly  by  the  fossulate  papilla;, 
ib.y,  here  arranged  ‘ en  chevron,’  four  on  each  side  converging 
toward  the  backwardly  turned  point : behind  this  is  sometimes 
seen  a fossa  devoid  of  papilla,  the  ‘foramen  caxium’  of  Authroj«)- 
tomy.  The  papillose  area  extends  over  the  major  part  of  the 
tongue  to  its  tip  and  down  the  sides  along  part  of  the  under 
surface;  it  is  roughened  by  papilla:  which  extend  from  the 
medial  groove  in  oblique  series  forward  and  outward,  repeating 
in  the  main  the  arrangement  of  the  fossulate  or  glandular 
pajiillje. 

The  tongue-skin  presents  a ba.sal  areolar  tissue,  so  dense  in 
the  glandular  and  papillose  area;  as  tf>  resemble  the  corium : at 
the  faucial  area  and  under  surface  of  the  tongue  it  softens  into 
the  character  of  that  of  the  mucous  membrane  of  the  cavity 
with  which  it  Ls  continuous : where  it  overlies  the  muscular  [lart 
of  the  tongue,  as  in  fig.  145,  a,  it  is  closely  adherent  thereto, 
and  is  thickest  at  the  middle  line : peripherally  it  projects  as 
‘ jajiilla;,’  sinks  into  ‘ fossulae,’  and  is  inverted  to  form  the  ducts 
or  orifices  of  mucous  follicles.  The  epithelium  is  scaly,  thick 
and  distinguishable  into  a deep  layer  adherent  to  the  corium  and 
a superficial  layer  which  readily  desquamates.  The  so-callctl 
‘ papilla ' are  processes  of  the  corium,  rather  analogous  to  the 

' For  further  and  more  minute  detiils  of  this  exquisite  arrangement  of  the  mus- 
cular tissue  for  the  functions  of  the  tongue,  reference  should  be  made  to  the  admirable 
article  eexL,  in  which  the  accomplished  author,  IItul  Salteb,  first  described  it. 
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villiform  ones  in  the  intestinal  mucous  membrane  of  some  animals 
(vol.  ii.  p.  170),  and  subdividing,  as  in  those,  into  the  ‘ villi  ’ or 
]>!ipilla3  truly  answerable  to  those  of  the  skin ; the  tonguc- 
pupillas  or  processes  diifer,  therefore,  from  the  true  dermal  papilla- 
in  standing  freely  out  from  the  surface  of  the  epithelium,  which 
is  moulded  upon  them,  and  does  not  plaster  them  over  to  its  own 
level.  The  so-called  lingual  papilla:  are  of  three  kinds,  ‘ fossulate’ 
or  circumvallate,  ‘ fungiform,’  and  ‘ conical,’  many  of  the  latter 
being  also  called  ‘ filiform.’ 

The  fossulate  papilla,  fig.  148,  a,  is  large,  obtuse,  subpedun- 

culate,  and  arises  from  a fossa, 
b,  by  the  thickened  and  often 
crenate  borders  of  which,  c,  it 
is  surrounded.  The  nerves  and 
vessels  enter  the  papilla  at  its 
jiedicle ; and  the  expanded  sum- 
mit subdivides  into  the  secon- 
dary true  papilla:,  plastered  over 
by  the  epithelium.  The  average 
number  of  fossulate  papilla:  in 
Man  is  eight,  arranged  as  in  fig.  141,/:  there  be  sometimes  ten, 
rarely  more ; often  fewer  than  eight,  but  not  less  than  four. 
Their  arrangement  may  vary  to  that  of  an  almost  transverse 
line.  They  arc  supplied  by  branches  of  the  glossopharyngeal; 
are  very  vascular ; and,  from  the  thinness  of  the  epithelium, 
ajtpcar  red  when  injected. 

The  ‘fungiform  papillic,’  fig.  149,  B,  arc  subpcdunculatc,  but 


ftcftion  lit  foMulaic  ptkplllA  (16  diua).  eexL. 
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Fungiform  papDIm.  cxi". 


smaller  than  the  fossulate  and  rounder : they  are  scattered  over 
the  sides  and  tip  of  the  tongue,  and  on  the  dorsum  anterior  to 
the  fossulate  scries.  They  are  rather  larger  than  the  filiform, 
and  conspicuous  by  their  red  colour.  They  arc  covered  by 
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The  excess  of  the  scaly 


secondary  papilla:,  ib.  a,  in  wliich  the  capillaries  diverge  and 
divide  to  form  their  brush  of  loops,  as  in  fig.  149,  n,  receiving 
each  its  capillary  loop,  into  the  fasciculus  of  which  the  branch  of 
the  artery  a and  vein  v sub-  i v) 

divides  on  entering  the  ^ k 

The  conical  papilla:  clothe  ) / 

as  in  a close-set  pile  the  i 

anterior  two-thirds  of  the 

at  the  mid-line  near  the  a ^y'd'l  i ■ 
centre  of  the  tongue,  small-  ‘ itr  •:  .I li  fy-  i i JMw 

eat  near  the  sides  and  | | 

at  the  tip.  The  cone-form, 

with  secondary  papillae  down  ■ 

its  sides,  fig.  150,  metres  into  — « ^ 

the  cylindrical  form,  fig.  c..™, u,.  ex.. 

151,  with  a terminal  brush  of  filaments.  The  excess  of  the  scaly 
covering  of  these,  ib.  a,  b,  c,  forms  the  so-called  ‘fur’  of  the 
tongue,  which  becomes  separated 

from  the  deeper  layer  of  epithe-  , 

Hum,  d.  In  the  conical  variety,  i M J ^ 

fig.  150,  a is  the  basal  mem-  V I 

brane,  h,  c,  the  ‘ processes,’  sub-  I %siil^ 

dividing  into  secondary  or  true 

papillae,  e,  the  deep  layer  of  fWWjl  mff  f 

epithelium,  f,  the  superficial 

layer,  h,  the  points  from  which  I ■JHjflpNv 

the  filamentary  prolongations 
would  have  projected : these 

sometimes  resemble  fine  hairs. 

The  function  of  such  filiform  W Y 

papillae  appears  to  be  ‘ portative  ’ If  ' ^ 

and  ‘ protective,’  that  of  the  coni-  % \ 

cal  i)apillae  mainly  ‘ tactile,’  that  W..y 

of  the  fungiform  and  fossulate 
ones  ‘ gustativc : ’ behind  the 
latter  arc  the  principal  mucous 

The  so-called  gustatory  branch 

r A»Ai  i»  xX  /»  • Kihfurm  papilla*.  rexL, 

of  the  nfth  supplies  the  fungi- 

form,  conical,  and  filiform  papilla: ; the  glossoj)haryngeal  serves 


Kilifnrm  papilla*.  rexL. 
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the  fossulate  j)aj)illie  ami  the  mucous  tract  behiiul:  the  ninth 
or  hypoglossal  is  expended  upon  the  muscular  tissue. 

§ 215.  Organ  of  Smell. — Most  Mammals  are  remarkable  for 
tbe  degree  in  which  the  sense  of  smell  is  serviceable.  The  cla.«s 
is  characterised  by  the  extent  of  the  pituitary  surface  and  the 
size  and  number  of  the  olfactory  nerves ; nevertheless,  both  ex- 
tremes are  therein  exemplified,  although  the  family  {Delphinidee) 
in  which  the  organ  is  wanting  is  exceptional  and  maximiscil 
development  the  rule. 

The  progress  is  not,  as  with  the  organ  of  taste,  pari  passu 
with  the  rise  in  the  class : both  Man  and  monkeys  are  below 
most  quadrupeds  in  olfactory  endowments.  In  hoofed  ones  smell 
is  imjwrtant  in  the  the  discrimination  of  wholesome  from  noxious 
f<«>d:  taste  would  be  a tedious  test,  tbe  sajiid  matter  needing  to 
be  moved  about  or  masticated,  mixed  with  fluid,  and  more  or  less 
dissolved,  before  the  tongue  can  exert  its  gustative  j>owcr ; but 
‘ smell  is  done  at  once.’ ' ilost  flesh-feeders  scent  afar  their 
food. 

In  ^lammals,  as  in  all  air-brcathci's,  the  odorous  atoms  strike 
iijK)!!  the  olfactory  membrane  at  the  entry  of  the  breathing 
])a.ssagcs,  where  the  atmosphere  is  filtered,  as  it  were,  through 
the  organ  of  smell  before  reaebing  the  windpipe ; and  most 
effectively  and  instructively  in  the  j)innigrade  Carnivora. 

The  olfactorj'  organ  in  Mammals  receives  its  special  endowment 
from  nerves  which  rise  in  numbers  from  their  j)roper  encei>halic 
eentre,  fig.  46,  47,  u.  They  pass  out  by  as  many  holes  in  the 
|)late  of  the  jirefrontal,  which  is  thence  called  the  ‘ cribriform,’  or, 
from  the  Greek-root,  ‘ ethmoid:’  but  the  sieve-like  structure  is  a 
strictly  mammalian  i>cculiarity  consequent  on  the  multiplicity  of 
olfactory  nerves,  and  is  oidy  affected  by  a single  cxccj)tion  in 
this  class,  the  Ornithorhynchus  adhering  to  the  wider  Vertebrate 
rule. 

The  nerves  carry  out  with  them,  each  an  investment  of  the 
brain-membranes  ; tbe  dura  mater  losing  itself  in  tbe  j>erio8teum, 
the  ]>ia  mater  in  neurilemma,  the  arachnoid  being  reflected  back. 
'I'lic  nerves  arc  groiqtcd  in  all  Mammals  into  a set  for  tbe 
septum,  and  a second  for  tbe  iqipcr  or  ethmo-tnrbinals,  a third  or 
middle  short  set  l)cing,  in  some,  distinguishable  for  the  labyrinth 
or  r«Hif  of  the  nasal  chamber.  The  branches  of  the  second  set, 
after  expanding  on  the  cthmo-turbinal,  usually  converge  to 
become  connected  with  the  lateral  nasal  branch  of  the  ‘ fifth.’ 
Their  nuxle  of  distribution  is  best  seen  on  the  cthmo-turbinal: 

' XX.  vol.  iii.  p.  86. 
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here  they  divide,  subside,  expand,  and  ana.«toinose  with  each 
other,  forming  a reticulate  nervous  expanse,  with  long  and  narrow 
meshes,  and  becoming  impacted  in  the  central  or  inner  layer  of 
the  olfactive  membrane.  This  membrane  is  continued  into  the  jd- 
tuitary  one,  covering  the  inferior  spongy  bone  or  ‘maxillo-turbinal’ 
suj>plied  mainly  by  the  fifth.  Both  tracts,  and  especially  the 
latter,  are  richly  supplied  with  arteries  opeuing  into  numertuis 
large  plexiform  veins  on  the  peripheral  side  of  the  membrane, 
(H'casioning  or  re.sembling,  there,  a cavernous  structure,  and 
admitting  of  such  change  in  the  quantity  of  blood  therein  as  must 
be  attended  with  concomitant  degrees  of  laxity  or  tension  of  the 
scenting  membrane  itself.'  This  at  the  attachment  of  the  tur- 
binnls  is  continuous  with  the  lining  of  the  nasal  chamber ; which 
itself  becomes  mo<lified  into  the  more  delicate  and  still  less  vas- 
cular membrane  of  the  contiguous  or  accessory  air-sinuses.  The 
nsisal  membranes  arc  finally  continued  at  the  jH>stcrior  aperture 
into  the  mucous  membrane  of  the  fauces  and  i)harvnx,  and  at  the 
anterior  one  into  the  integuments  of  the  face.  The  pigmental 
layer  of  the  skin  is  soon  lost  within  the  nose,  the  colour  of  the 
j)ituitary  and  olfactory  membranes  being  due  to  the  abundant 
blood  sent  to  them.  Numerous  mucous  crypts  are  imbedded  in 
the  pituitary  part  of  the  nasal  membrane. 

The  cavity  containing  the  organ  of  smell  is  formed  by  the 
prefrontal,  vomerine,  nasal,  sphenoid,  pterygoid,  palatine,  ma.x- 
illary,  and  premaxillary  Imnes,  and  may  be  continueil  by  exten- 
sion of  air-sinuses  into  all  the  bones  of  the  cranium,  figs.  154  and 
157.  The  cavity  is  divided  by  a medial  partition  of  bone  and 
gristle  in  A’arying  proportions,  the  lx>ne  being  contributed  by  the 
jtrefrontals,  the  vomer,  and  by  ridges  of  the  nasals,  palatines, 
maxillaries,  and  premaxillaries,  with  which  the  vomer  may 
articulate.  Each  half  of  the  cavity  is  a passage  for  the  resjiiratory 
currents  of  air,  opening  anteriorly  upon  a more  or  less  produced 
and  mobile  part  called  ‘ nose,’  ‘ snout,’  or  ‘ prolxiscis,’  and  [kis- 
teriorly  into  a cavity  containing  the  larynx  or  beginning  of  the 
windpipe ; sometimes,  as  in  Cetacea  and  in  Marsupials  at  tlicir 
mammar)-  stage,  containing  the  larynx  exclusively,  but  commoidy 
communicating  also  with  more  or  less  of  the  pharyn.x.  In  the 
section  of  the  human  skull,  fig.  152,  the  outer  wall  of  the  riglit 
nasal  passage  is  shown,  with  the  communicating  frontal,  s,  and 
sphenoidal,  *,  sinuses;  i is  the  nasal  bone,  and  a the  nasal  spine 

' Lxxxir-.  p 278,  and  t.iv.  p,  128.  (The  second  edition  of  this  valuable  and 
ori;;iniil  work,  4to,  18C4,  is  the  one  cited  in  the  present  volume.) 
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of  the  frontal,  forming  the  fore  part  of  the  roof,  e,  the  basi- 
8])lienoid,  forming  its  back  part ; the  ‘ cribriform  plate  and  spine  ’ 
of  the  prefrontal  completing  the  roof : b is  the  nasal  plate  of  the 
maxillarj’  bounding  laterally  the  anterior  aperture;  d,  pterygoid, 
similarly  bounding  the  posterior  aperture : the  floor  of  the  passage 
is  form^  by  the  prcmaxillaiy,  7,  the  maxillary.  A,  and  the  pala- 
tine, 6.  At  the  uj>pcr  part  of  the  outer  wall  is  a thin  quadrilateral 

part  of  the  prefrontal  8culj>- 
tured  by  grooves  and  aper- 
tures for  the  olfactory  nerves; 
the  posterior  part,  /,  is  a 
little  curved,  and  leaves  a 
space  into  which  the  sphenoi- 
dal sinus  opens.  The  con- 
volute, thin,  reticulate,  bony, 
and  gristly  lamina,  called 
‘ superior  turbinal,’  is  bere 
attached,  below  which  is  the 
division  of  the  general  pas- 
sage, called  ‘ superior  mea- 
tus.’ This  is  bounded  below 
by  a similar  longer  and  larger 
‘ turbinal,  ’ called  ‘ middle 
spongy  bone’  in  Anthropo- 
v,i.»  ,,i  ijifuuur »aiiuf uie  iiMaicivnjoiitiic  ri»bi  tomy,  but  usually  Icss  dis- 
tinct from  the  upper  part  of 
the  ‘ cthmo-turbuial  ’ in  lower  Mammals.  The  part  of  the  passage 
between  the  middle  and  lower  turbinal  is  the  ‘ middle  meatus,’ 
into  which  the  ‘ antrum  ’ or  maxillary  sinus  opens.  The  lower 
turbinal  is  the  largest  of  the  three,  and  longest  retains  its  indi- 
viduality : below  it  is  the  ‘ inferior  meatus,’  A,  into  which  tlie 
lucrymal  canal  opens. 

In  most  lower  Mammals  there  is  a turbinal  process  from  the 
frontal  and  nasal  bones;  which,  from  its  relative  iwsition  in  their 
horizontally  elongated  nasal  chamber,  is  called  the  ‘ superior 
s|>ongy  bone’  (oberste  muschel,  Gurlt),  by  Hippotomists ; it  is 
nut  the  humologue  of  that  so  called  in  Anthro])otumy. 

At  the  floor  of  the  lower  meatus,  close  to  the  premaxillo- 
maxillary  ridge  supporting  the  fore  part  of  tlie  septum,  is  a 
depression  or  gro<n  e lined  by  a glandular  tract  of  tlie  pituitary 
mciubrane  which,  in  Ungulates,  is  extended  upon  a lung  and 
narrow  gristly  sheath  at  that  part,  and  communicates  with  the 
jialate  by  the  fonunen  ineisivuiu.  From  one  to  three  of  the 
sejital  branches  of  the  olfactory,  traceable  from  a yellowish  grey 
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part  of  the  rhinencephalon,  are  continued  down  to  thu  tract ; 
but  it  is  principally  supplied,  like  the  lower  turbinal,  by  the  naso- 
palatine nerve.' 

Characteristic  of  the  mammalian  organ  of  smell  is  the  great 
provision  made  by  bony  and  gristly  lamina:  for  the  support 
of  the  olfactory  membranes.  The  original  extent  of  these  primi- 
tive capsules  is  augmented,  as  in  a branchial  organ,  by  manifold 
plicae  aind  processes,  usually  so  curved  and  contorted  as  to  suggest 
the  resemblance  to  turbinate  univalves.  The  neurapophyses 
transmitting  the  nerves  of  the  nasal  segment  of  the  skull 
are  reduced,  as  has  been  shown,  in  Mammals,  almost  to  their 
essential  function;  as  such  they  appear  in  Cetacea  (vol.  ii. 
p.  421,  fig.  287,  u).  So  reduced  and  withdrawn  from  outward 
\-iew,  they  are  further  masked  in  the  rest  of  the  class  by 
the  agglutination  thereto,  or  outgrowth  therefrom,  of  the  turbinal 
olfactory  capsules : the  whole,  as  agglomerated  in  them,  receiving 
the  name  of  ‘sieve-bone’  (a:thmoid),  from  the  exceptional  ]iecu- 
liarity  of  the  number  of  olfactory  nerves  in  the  Mammalian  class. 
In  fig.  153  is  given  an  oblique  view  of  this  complex  bone 
with  the  anchylosed  sphenoid  in  the  Hog.  The  confluent  mesial 
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lamins  of  the  prefrontals  project  as  ‘ crista  galli  ’ dividing  the 
rhincncephalic  fossae : to  the  under  or  outer  part  of  the  cribriform 
or  perforated  laminae  of  the  neurapophyses  the  parts  of  the 
olfactory  capsules  called  ‘ labyrinths,’  y,  and  cthmoturbinals,  t, 
are  anchylosed:  the  maxilloturbinals,  p,  remain  longer  distinct, 
and  ultimately  coalesce  with  the  superior  maxillaric.s.  The  con- 
volute plates  attached  to  the  roof  of  the  nasal  chaml>er,  fig.  1 57, 0, 
here  called  ‘ naso-turbinals,’  are  in  most  quadrupeds  added  to 
those  shown  in  figs.  152  and  153. 

‘ XC  -,  dll'. 
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In  the  Ornithorhynchus  one  olfactory  nerve  quits  each  rhincn- 
cephalon  an<l  esca{>es  from  the  skull  by  a single  foramen  at  the 
fore  part  of  the  prefrontal  plate : it  divides  on  entering  the  na«al 
ca\-ity  into  septal  and  turbinal  branches.  The  membrane  re- 
ceiving the  former  is  supported  wholly  on  a bony  plate:  the 
turbinals  are  partly  bony,  and  partly  gristly  : a prenasal  ossicle  is 
formed  in  the  forepart  of  the  nasal  sc])tum. 

The  olfactory  nerves  in  the  Echidna  are  extremely  numerous, 
and  the  cribriform  plate  is  large  and  encroaches  upon  the  fore 
part  of  the  cranial  cavity  as  a conve.v  protuberance.  The  etlimo- 
turbinals  arc  of  corresponding  size,  comj)osed  of  a series  of  vertical 
[)rocesses  which  e.vpand  and  subdivide  as  they  pass  toward  the  floor 
of  the  very  long  nasal  passage.  I have  shown  the  lateral  e.xpanse 
of  these  turbinals  by  a horizontal  section  in  No.  1707,  xliv.  p.  318. 

The  olfactory  nerves  and  the  osseous  cavities  and  lamimc 
destined  for  the  protection  and  support  of  the  pituitary  membrane 
offer  a remarkable  proportional  development  in  all  tbc  Marsupials, 
and  more  especially  in  the  Insectivorous  and  Carnivorous  tribes. 
Certain  species  of  Kangaroo,  of  the  subgenus  Oxphranter,  Gould, 
remarkable  for  their  acuteness  of  smell,  have  the  turbinated  Iwnes 
so  large  that  the  lateral  expansion  of  the  nasal  cavity  forms  a 
marked  feature  in  the  skull.  The  characters  of  the  osseous 
])arts  of  the  nasal  cavity,  in  this  order,  arc  given  in  vol.  ii.  p.  348. 
Through  the  defective  ossification  of  the  palate  the  convolutions 
of  the  inferior  turbinals  are  visible  in  the  dry  skull  at  that  part ; 
e.g.  in  Peramehs  lagotis  (vol.  ii.  fig.  222)  and  in  Thylacinus.  In 
tbc  latter  marsupial  the  fine  lacework  perforation  of  the  inferior 
turbinals  is  well  shown. 

In  the  Hare  the  inferior  turbinal  is  large,  longitudinally  la- 
mellate, and  shows  in  well-injecte<l  specimens  the  highest  degree 
of  vascularity  : the  complexity  of  its  medial  or  septal  surface 
contrasts  with  the  simplicity  of  that  in  Felines.  The  ethinotur- 
binals  are  divided  into  three  princij)al  lamella;:  the  nasal  cavity 
is  long  but  narrow  : the  maxillary  sinus  is  small.  In  the  Agoutis 
the  nasal  chamber  is  more  expanded : the  cthmoturbinals  which 
consist  each  of  four  rather  short  longitudinal  lamella;,  are  divided 
trom  the  maxillo-turbinals  by  a protuberance  from  the  mesial 
wall  of  the  large  ma.\illary  sinus:  there  is  a small  ‘Jacobson’s’ 
process  from  the  premaxillary  at  the  lower  and  fore  j>art  of  the 
nasal  cavity.  In  the  Paca  (Cvdogcnys)  the  olfactory  cavity  ex- 
tends backwards  beneath  the  rhincncepbalic  one.  In  the  Porcu- 
pines through  the  enormous  development  of  sinuses  from  the 
olfactory  cavity  it  extends  backward  beyond  the  rhincncephalic 
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one,  which  it  appears  to  encomjiass.  The  latter  cavity  is  defined 
by  a well-marked  ridge  from  the  prosencephalic  part  of  the 
cranium.  The  vomer  is  deeply  cleft  posteriorly,  and  coalesces 
with  the  ethmoturbinals.  The  fore  part  of  the  vomer  articulates 
with  the  median  ascending  process  of  the  premaxillary  arching 
over  the  wide  vacuities  which  lead  from  the  nasal  passages  to 
the  prepalatine  apertures.  Besides  the  maxillary  sinuses  others 
are  developed  in  the  frontals,  sqiiamosals,  alisphenoids  and  orbito- 
sphenoids,  with  bony  septa  converging  to  the  rhinencephalic 
fossie.  No  nasal  sinuses  or  aircells  are  developed  in  the  skull 
of  the  aquatic  beavers.  In  the  voles  (Arvicola)  a canal  leads 
from  the  crescentic  orifice  at  the  fore  part  of  the  antorbital 
aperture  into  the  lower  part  of  the  nasal  meatus,  above  the  pre- 
]>alatine  fissures.  In  the  rat  (Afus  decumanus)  it  terminates 
below  the  attachment  of  the  anterior  turbinal  to  the  premaxillary. 
In  all  Alurida  the  olfactory  cavity  is  very  narrow  ; the  ethmo- 
turhinal  small  and  but  little  divided ; the  lower  turbimd  is  ele- 
vated in  position.  The  external  nose  is  short  and,  as  in  most 
Rodents,  is  clothed  with  hair  save  at  the  middle  of  the  septum. 

In  Insectieora  the  olfactory  organ  is  better  developed  than  in 
Rodentia.  The  ethmoturbinal  of  the  mole  has  not  fewer  than 
eight  primary  lamellae ; but  the  maxilloturbiiial  is  comparatively 
simple : the  external  nose  is  developed  into  a snout,  with  well- 
marked  muscles  for  various  and  ptwcrful  movements.  The  de- 
velopment of  this  part  is  such  in  some  .\frican  Insectivora,  fig.  297, 
as  to  have  earned  for  them  the  name  of  ‘ Elephant-Shrews.’  The 
naked  outer  border  of  the  nose  in  the  common  hedgehog  is  den- 
tated : and  the  edge  of  the  snout  is  fringed  in  Condylura  with  a 
circle  of  soft  processes.  But  these,  like  the  still  more  extra- 
ordinary dermal  appendages  in  certain  bats  (^Rhinolophus)  relate 
to  touch. 

The  armadillos  and  anteaters  enjoy  an  acute  sense  of  smell. 
In  Datyput  texetnetui  the  rhinencephalic  almost  equals  the 
epencephalic  division  of  the  cranial  cavity : but  the  olfactory 
chamber  extends  backward  to  beneath  the  prosencephalic  division, 
and  the  ethmoturbinals  are  remarkably  extensive  and  complex ; 
the  maxilloturbinal  is  comparatively  simple.  The  turbinal  plate 
of  the  nasal  almost  equals  the  facial  plate  in  extent.  The  chief 
expansion  of  the  cranium  is  caused  by  the  large  olfactory  cavity, 
and  the  part  extending  therefrom  into  the  frontals  raises  them  in 
Chlamyphorus  into  a pair  of  domes  (vol.  ii.  fig.  272,  a).  In  most 
Armadillos  the  external  nose  or  snout  is  strengthened  by  a pair 
of  prenasal  ossicles.  The  rhinencephalic  chambers  are  large  in 
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Orycteropus  (ib.  p.  404) ; but  the  olfactory  ones  arc  far  more 
remarkable  for  both  size  and  complexity.  In  the  true  Anteaters 
(Myrmecophaya)  the  cthraoturbinals,  though  large,  are  less  de- 
veloped than  in  armadillos.  The  inferior  turbinal  is  a long 
slightly  rolled  up  lamina.  In  sloths,  as  described  in  vol.  ii. 
p.  406,  the  olfactory  chamber  extends  backward  above  the 
rhinencephalic  one  into  the  frontal  bone,  and  below  it  into  the 
sphenoid.  The  extension  of  air-sinuses  therefrom  is  still  greater 
in  the  extinct  megatherioids  (ib.  407). 

The  baleen-bearing  whales  arc  those  of  the  Cetacea  which 
alone  have  olfactory  nerves,  although  all  possess  the  ‘ crura 
rhinencephali.’  The  pituitary  membrane  supported  by  the  tur- 
binal bone  is  remarkable  for  the  plexus  of  large  vessels  behind 
it.  The  cetacean  modifications  of  the  nasal  jassages  will  be 
described  with  the  respiratory  organs,  to  which  they  mainly 
relate. 

In  Sirenia  the  nostrils  arc  subterminal,  at  the  top  of  the  obtuse 
muzzle,  and  provided  with  movable  gristles  : the  nasal  passages 
contain  both  ethmo-  and  maxillo-turbinals,  the  latter,  like  tlie 
former,  gristly  ; the  small  almond-shaped  bones  wedged  into  the 

fore  part  of  the  frontals  are, 
ns  Cuvier  held,  nasals,  not 
turbinals.'  Thenasal  passages 
are  short,  narrow,  sub  vertical: 
the  cthmoturbinal  is  shortand 
longitudinally  lamellate.  The 
olfactory  nerves  are  fewer 
and  the  cribriform  plates 
smaller  in  the  Dugong  than 
in  the  Manatee. 

In  the  Elephant  that  part 
of  the  nasal  cavity,  fig.  154, 
which  is  appropriated  to  the 
essential  parts  of  the  olfac- 
tory organ  is  contracted  and 
narrow,  and  the  pas.sages,  «, 
b,  are  relatively  short : they 
are,however,  much  prolonged 
by  the  accessory  api>endage, 
called  ‘ tnink,’  at  the  extre- 
mity of  which  open  the  nos- 
and arc  as  much  expanded 
' ‘ Cornets  infciicurd/  ])c  131. ; civ'.  Gravij;i*t1e.^,  p.  39. 
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Irils  (vol.  ii.  p.  282,  fig.  162,  7t), 
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l)y  the  surroundiiiff  air  sinuscB,  which  pervade  every  bone  of  the 
cranium.  The  bony  nasal  passage  is  continued  in  almost  a 
straight  line  from  tlie  anterior  aperture,  a,  to  the  posterior  one, 
h.  The  vomerine  |>art  of  the  septum,  13,  extends  from  the  pre- 
sphenoid about  half-way  to  the  anterior  ai)crture.  At  the  uj>per 
part  of  the  cavity,  so  divided,  the  ethmoturbinals  are  situated, 
which  are  moderately  iJicated : the  maxillary  turbinal  is,  also, 
comparatively  simple  in  character. 

In  the  Tapir  the  shorter  jiroboscis  terminates  by  a small 
]K>intcd  extremity  between  the  nostrils.  The  snout  is  covered 
with  hair  to  the  base  of  the  terminal  appendage ; the  hair  on  the 
upper  part  tending  upA'ard  or  backward,  that  on  the  sides  toward 
the  tip.  The  cribriform  plate  is  not  simply  perforate,  but  is  re- 
ticulate, with  long  radiating  meshes,  the  latter  closed  by  dura 
mater : it  sends  down  curved  lamcllaB,  sheathing  the  olfactory 
nerves.  The  ethinoturbinal  consists  of  as  many  convolute  divi- 
sions attached  to,  or  continued  from,  those  processes,  in  a pedun- 
culate way  ; and  each  is  j)erfo- 
rated  by  many  foramina  through 
which  branches  of  the  olfactory 
pass  to  the  pituitary  membrane. 

The  maxillary  turbinal  is  elon- 
gate and  simply  convolute. 

The  nasal  cartilages  show  the 
chief  modification,  the  alar 
jKirtions,  fig.  155,  n,  being 
continued  backward,  expand- 
ing, and  filling  the  peculiar 
grooves  of  the  skull  (vol.  ii. 
p.44y)  between  the  nasal  bones 
and  orbits,  o : here  the  cartilages  are  semiconvolutc,  convex,  and 
entire  outwardly,  excavated  on  the  inner  side,  the  cavity  being 
continued  by  a groove  into  the  nasal  one  at  the  sides  of  the  outer 
a|)crture : from  the  character  of  the  lining  membrane,  it  mav  be 
regarded  as  an  extension  of  ‘Jacobson’s  fossa.’  The  ‘levator 
rostri,’  or  raiser  of  the  short  jwoboscis,  fig.  155,  a,  arises  from  the 
process  of  the  lacrymal,  runs  in  a fibrous  sheath,  converging  to 
its  fellow,  and  is  inserted  into  the  upper  or  fore-side  of  the  part 
which,  together,  they  raise,  or,  acting  separately,  draw  to  their 
own  side.  A broader  muscle,  ‘ retractor  labii,’  b,  from  the  same 
origin  expands  to  its  insertion  at  the  side  of  the  labial  part  of  the 
base  of  the  proboscis.  Beneath  this  is  the  muscle,  c,  which 
rising  from  the  lower  border  of  the  lacrymal,  spreads  ujion  the 

I- 1 
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side  of  the  proboscis,  and  is  intimately  connected  with  the  ‘ orbi- 
cularis oris,’  d d\  e is  the  zygomatic,  f the  depressor  anguli  oris, 
g the  buccinator.*  The  external  nose  of  the  Rhinoceros  is  com- 
, bined  with  the  upper  lip  and  prolonged  in  a minor  degree,  but 
with  a like  arrangement  of  muscles,  for  prehensile  purposes. 
The  nose  of  the  Horse  is  chiefly  peculiar  for  the  power  of  the 
dilating  and  contracting  each  nostril,  such  movements  being  sub- 
served by  a lateral  semilunar 
cartilage,  fig.  156,  k, ; by  a de- 
pression or  fold  of  contiguous 
skin,  called  ‘ false  nostril  ’ in 
Hippotomy,  and  by  the  homo- 
logues  of  the  muscles  of  the 
combined  nose  and  lip  of  the 
Tapir.  In  fig.  156,  a is  the 
‘ levator  rostri ; ’ 6 is  the  ‘ re- 
tractor labii  alicque  nasi;’  c is 
the  muscle  called  ‘ transversus 
nasi,’  in  Hippotomy ; e is  the 
zygomaticus;  f marks  the  in- 
sertion of  a muscle,  ‘ pyrami- 
dalis  ’ of  Hippotomy,  which 
arises  by  a slender  tendon  from 
the  maxillary,  and  gliding  be- 
neath the  labial  part  of  b,  ex- 
pands to  be  inserted,  fleshy,  into 
the  outer  border  of  the  nostril 
and  contiguous  skin-folds. 

The  Horse  is  remarkable  for 
the  size  of  the  rhinencephalon 
and  the  extent  of  the  cribriform 
plate  transmitting  its  nerves  to 
Mii.rto.of«o.irii.EiidnN»riip,Hor«-.  nosc : tliey  j>as8  upon  a 

series  of  about  ten  short  longitudinal  folds  directed  forward  and  a 
little  downward,  forming  the  ‘ ethmoidal  labyrinth’ of  Hippotomy, 
the  upper  larger  division  being  the  ‘ etbmoturbinal ; ’ a longer, 
larger,  more  simply  disposed  plate,  attached  to  both  prefrontals 
and  nasals,  and  chiefly  descending  from  the  latter  bones,  forms 
the  ‘ nasoturbinal : ’ beneath  this  is  the  ‘ maxilloturbinal,’  of 
alwut  the  same  vertical  extent,  and  almost  the  same  length.  The 
bony  septum  contributed  by  the  coalesced  prefrontals,  forms, 
superitirly,  about  one-fourth  of  the  general  j)artition  : the  vomer 
‘ xciii.  pp.  so -26. 
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extcuds,  beneath  it,  along  about  three-fourths  of  the  lower  third 
of  the  septum,  but  subsides  to  a point ; the  major  part  of  the 
septum  is  gristly. 

In  the  Hippoitotamus  the  nostrils  arc  relatively  small,  promi- 
nent, wide  apart,  and  are  served  by  muscles  which  open  and 
close  them  like  the  eyelids,  besides  protruding  and  retracting 
them.  The  accessory  sinuses  of  the  nasal  chamber  arc  very 
little  developed.  Their  extent  and  size  offer  a great  contrast  in 
the  Hog-tribe,  in  which  the  essential  parts  of  the  olfactory  organ 
are  also  relatively  larger  and  more  complex.  The  rhinencepha- 
lon  is  large,  with  many  nerves,  and  the  cribriform  plate  of  great 
extent : the  ‘ labyrinthic  ’ part  of  the  capsule  attached  to  its 
under  or  outer  surface  forms  nine  or  ten  longitudinal,  slightly 
diverging  folds,  fig.  153,  q,  the  three  or  four  uppermost  of  which 
coalesce  to  form  the  ethmoturbinal,  which  is  long,  slender, 
subconvolute,  and  attenuated  to  a fine  point  forward,  ib.  «. 
This  figure  gives  an  oblique  view  of  the  ‘ labyrinth,’  q,  and 
ethmoturbinal,  «,  of  the  right  and  left  sides.  The  nasoturbinal 
is  of  moderate  length.  The  somewhat  deeper  and  more  con- 
volute ‘ maxilloturbinal  ’ is  shown  at  p : the  accessory  ‘ nasojwi- 
latine  ’ fossa,  at  h.  The  pterygoid,  f,  bounding  the  posterior  nasal 
opening  is  excavated  and  expanded  above  by  a sinus  continuous 
with  those  of  the  sphenoid,  n.  The  accessory  sinuses  of  the 
nasal  chamber  are  very  considerable  in  the  Hog-tribe : the 
frontal  ones  (vol.  ii.  p.  468,  fig.  315,  ii,  young  Pig)  extend  back- 
ward over  the  calvarium  to  the  occiput  in  the  Boar : a structure 
well  shown  in  the  Babyroussa,  No.  3346,'  in  which  preparation 
the  extension  of  the  sphenoidal  sinus  (ib.  fig.  315,y)  into  the 
base  of  the  pterj'goid  is  demonstrated,  where  it  is  divided  into 
an  external  and  internal  compartment.  In  Phacocharus  the 
pterygo-nasal  fossa  is  simple,  and  the  frontal  are  almost  separated 
from  the  parietal  sinuses  by  the  near  approximation  of  the  inner 
to  the  outer  table  of  the  skull.  The  pterygo-nasal  fossa:  arc 
absent  in  Dicott/les.  In  all  Suidee  the  external  nose  is  somewhat 
prolonged  and  truncate,  the  nostrils  opening  upon  a naked  disc : 
the  cartilages  of  the  nose  form  a complete  tube,  which  is  a con- 
tinuation of  the  bony  nostrils,  and  near  the  end  of  the  snout 
the  cartilaginous  septum  becomes  ossified,  and  forms  the  prenasal 
ossicle  (ib.  fig.  315,  o). 

In  the  Ox  the  cribriform  plate  is  relatively  smaller  and  the 
olfactory  nerves  fewer  than  in  the  Horse : the  labyrinthic  part  of 
the  ethmoid  consists  of  about  six  short  narrow  longitudinal 

' XLIV.  p.  557. 
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folds,  most  of  wliicli  co.alcscc  to  form  a larger  and  more  sim|ilc 
cthmotiirhinal  than  in  the  Horse;  the  nasoturbinal  is  very  long 
and  slender : the  inaxilloturhiniil  of  much  greater  extent,  espe- 
cially in  vertical  diameter : it  terminates  forwartl  obtusely.  In 
the  Sheep  the  nasoturbinal  is  relatively  deeper  and  less  pointed 
than  in  the  Ox.  The  nasal  passages,  from  the  lower  border  of 
their  anterior  outlet,  traverse  nearly  three-fourths  of  the  longi- 
tudinal extent  of  the  long  and  slender  skull  of  the  Giraffe,  fig. 
1.57.  The  upper  folds  of  the  ‘ labyrinth  ’ coalesce,  and  are  pro- 
ducctl  into  the  moderately  long  and  deep  ‘ cthmotiirhinal  ’ « ; 
the  ‘ nasoturbinal,’  h,  deepest  behind,  is  longer  and  more  pointed 


l.i-rt  lirtlf  of  iiR«4il  enrit)'  AtMl  iiirMniln,  cipoM:^  In  itcftion  i>f  rrniiiitiii : Glriffc.  x«'vir 


anteriorly  than  in  other  Kuminants;  the  ‘ inaxilloturbinal,'  r,  is 
large  and  deep,  finely  reticulate  or  perforate ; it  is  crossed  by 
jiart  of  the  vomer  in  fig.  157.  The  extent  to  which  the  air- 
sinuses  communicating  with  the  nasal  chamber  arc  extended  is 
shown  in  this  section,  and  notcil  in  vol.  ii.  pp.  477,  478.  The 
nasojialatinc  nerve  entering  the  chamber  below  the  fore-end  of 
the  ethmoturbinal  receives  some  part  of  the  olfactory  filaments 
converging  toward  that  end,  then  sends  upward  and  forward  a 
small  branch  to  the  nasoturbinal  ; a larger  branch  downward  and 
outward  to  the  chamber-wall  and  its  lining ; the  main  part  being 
expanded  on  the  long  nasoturbinal. 

In  the  Ruminants  a gradation  may  be  traced  in  the  extent  of 
the  glandular  and,  in  health,  moist  part  of  the  skin  of  the  ex- 
ternal nose,  from  the  Sheep,  where  it  is  a mere  linear  tract  from 
the  mid-furrow  of  the  upper  lip  bifurcating  to  each  oblique  nostril. 
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through  the  Roebuck,  Fallow-<leer,  Red-<lecr,  to  the  Ox,  where  it 
constitutes  the  broad  naked  muzzle.' 

The  organ  of  smell  in  Carnivora  mainly  differs  from  that  of 
hoofed  Herbivora  in  the  greater  relative  size  and  strength  of  the 
cthmoturhinal,  the  shorter,  deeper,  more  massive  and  much  more 
.subdivided  ‘ maxilloturbinal.’  In  the  Lion  the  cthmoturbinal  is 
of  a pyramidal  form,  its  broad  base  continued  from  the  short 
labyrinthic  part  attached  to  the  cribrifonn  plate,  its  apex  termi- 
nating forward,  between  the  naso-  and  ma.xillo-turbinal.  The 
mesial  surface  of  the  ethmoturbinal  shows  numerous  furrows, 
two  of  which  are  longitudinal  and  parallel  with  the  upper  margin 
of  the  bone,  the  others  radiating  from  the  lower  part  of  the 
attached  base : the  lateral  or  outer  surface  is  less  complex  and 
extensive ; but,  on  removing  the  outer  layer,  a series  of  con- 
centric curved  folds  arc  exposed.  The  ‘ nasoturbinal,’  holding  as 
in  Ungulates  the  highest  iwsition,  is  an  elongate  cone,  co- 
extensive with  the  roof  of  the  nasal  cavity  and  with  its  base 
opposite  to  the  frontal  sinus : the  mesial  surface  shows  a scries 
of  deep  arched  folds  ; the  lateral  one  seems  more  even,  but  when 
the  peripheral  lamella  is  removed  a series  of  longitudinal  folds  of 
the  lK>ne  is  brought  into  view,  beneath  which  are  concentric  folds 
arched  or  curved  in  the  opposite  direction  to  those  in  the  ethmo- 
turbinal. The  maxilloturbinal  is  fusiform ; the  hind  end  is  at- 
tached to  the  outer  wall  of  the  nasal  chamber  below  the  middle  of 
the  nasoturbinal ; whence  the  bone  rises  and  expands,  crossing 
the  anterior  end  of  the  ethmoturbinal,  and  again  diminishing  to  its 
anterior  and  upper  attachment  behind  the  external  bony  nostril. 
From  its  position,  therefore,  the  odorous  atoms,  in  inspiration, 
must  first  impinge  upon  this  bone,  and  the  pituitary  membrane 
is  thicker  and  more  vascular  than  on  the  other  turbinals.  Its 
mesial  or  septal  surface  presents  one  curved  groove,  parallel  with 
and  near  to  the  lower  margin  of  the  bone  : the  outer  surface  has 
a like  character.  The  more  glandular  part  of  the  pituitary  mem- 
brane is  at  the  fore  part  of  the  floor  of  the  nasal  chamber,  not 
occupying  so  deep  a fossa  as  in  Ungulates. 

The  sources  and  distribution  of  the  nervous  supj)ly  coiTesponds 
with  that  noted  in  the  Giraffe  : the  septal  branches  of  the  olfac- 
tory curve  down  toward  the  thickened  base  of  the  partition.  In 
the  Dog,  the  longitudinal  folds  of  the  ‘ labyrinth  ’ are  about  four, 
fewer  in  number  but  larger  than  in  the  Sheep : the  asthmoturbinal 
is  continued  from  the  undermost  and  curves  upward  slightly  to 

* This  was  pointed  out  to  me  by  the  eslimahlc  nnd  justly  fumed  water-colour 
artist  and  animal  painter,  Rorert  IIii.ls,  F.L.S. 
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the  nasoturbinal  as  it  advances : the  maxilloturbinal  is  shorter, 
relatively  broader  and  deeper,  and  much  more  extensively  folded 
than  in  the  Lion.  This  is  the  part  of  the  olfactory  organ  that 
reaches  the  extreme  of  turbinal  development  in  the  Seal-tribe. 
In  the  large  species  dissected  for  the  preparation.  No.  1557,  the 
maxilloturbinal  is  attached  by  its  contracted  extremities,  the 
intervening  enormously  swollen  mass  is  divided  by  a deep  longi- 
tudinal furrow  into  two  parts ; the  free  surface  of  which  is  singu- 
larly complicated  by  folds,  radiating  from  both  extremities  of  tlie 
bone  and  subdividing  dichotomously.*  These  turbinals  seem  to 
block  up  the  entry  of  the  nasal  respiratory  passages,  and  must 
warm  the  air  in  arctic  latitudes  as  well  as  arrest  every  indication 
from  the  effluvia  of  alimentary  substances  or  prey.  The  nasotur- 
binals,  in  some  Otarice,  extend  backward,  with  the  nasal  chamber, 
above  the  long  rhinencephalic  compartment  of  the  cranium. 

In  the  Qiiadrumana  the  nasal  chamber  loses  length  and  gains, 
but  in  less  proportion,  depth  and  breadth,  from  the  Lemurs  up 
to  the  Apes : the  maxilloturbinal  ceases  to  be  suspended  by  its  ex- 
tremities, and  acquires  a linear  longitudinal  attachment  externally 
to  a ridge  on  the  maxillary  wall  of  the  nasal  chamber.  This  tur- 
binal is  divided  into  two  chief  parts  lengthwise,  in  Lemurida,  where 
it  is  longest : the  nostrils  are  here  terminal,  the  anterior  expan- 
sion of  the  septal  cartilage  curves  outward  and  downward  on 
each  side,  and,  with  a corresponding  degree  of  curvation  of  the 
principal  alar  cartilage,  gives  a subconvolute  form  of  nostril 
to  most  Strepsirhines.  In  the  Aye-aye  they  describe  a semi- 
circle ; and  the  nasal  chamber  by  its  shortness,  depth,  and  pre- 
dominance of  the  ethmo-  over  the  maxillo-turbinals  exemplifies 
the  quadrumanous  afBnities  of  the  species.’  In  Platyrhine 
monkeys,  the  septal  cartilage  is  remarkable  for  the  transverse 
extent  of  its  anterior  terminal  expansion  between  the  nostrils, 
pushing  them  and  their  alar  cartilages  outward.  In  Catarrhines 
this  expansion  is  much  reduced ; and  the  nostrils  are  obliquely 
aj)proximated.  In  both  groups  the  nostrils  cease  to  be  ter- 
minal ; in  a Bornean  Done  ( Semnopithecus  naiicus),  the  nos- 
trils are  produced  upon  an  ill-shapen  prominent  subcylindrical 
nose.  In  the  Gorilla  each  nostril  is  surmounted  by  a broad 
prominence,  arching  outward  from  a lower  part  impressed  bv  a 
median  furrow  ; a deeper  indent  divides  the  nasal  ala  from  the 
cheek : the  aspect  of  the  nostrils  is  forward  and  a little  out- 
ward. The  septal  cartilage  extends  to  the  tip  of  the  interalar 
jirominence. 

' XX.  Tol.  iii.  p.  100.  ‘ cil'.  p.  IS,  pi.  viii.  Ilg.  6. 
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In  Man  the  number  of  olfactory  nerves  varies  from  fifteen  to 
twenty;  after  traversing  the  cribriform  plate,  they  divide  into 
two  cWef  sets,  ‘ septal  ’ and  ‘ turbinal,’  and  ramify  between  the 
periosteum  and  the  pituitary  membrane  before  terminating  on  the 
latter.  The  septal  nerves,  fig.  158,  a,  are  about  twelve  in 
number,  are  quickly  resolved  into  brushes 
of  filaments,  which  unite  together  to  form  • 


HnnrhcM  of  the  olfariory  ami  iiitaofialAitae  nerte*  on  Uio  Alar  carlllogea,  human  ou»(. 
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finer  plexuses,  traceable  to  near  the  base  of  the  septum.  The 
posterior  fourth  of  the  septal  membrane  is  chiefly  supplied  by  the 
nasopalatine  nerve,  4.  The  ‘ turbinal  ’ or  labyrinthic  olfactory 
nerves  are  more  numerous,  rather  smaller,  and  more  plainly 
anastomotic  in  their  course  over  the  upper  and  middle  turbinals, 
lying  in  grooves  of  the  former,  and  extended  chiefly  upon  the 
inner  and  lower  front  of  the  midturbinal ; a few  combine  with 
that  part  of  the  nasopalatine  which  supplies  the  lower  part  of  the 
middle  turbinal.  The  lower  turbinal  is  almost  exclusively  sup- 
plied by  a branch  of  the  ‘nasopalatine.’  The  main  charac- 
teristic of  the  human  organ  of  smell  is  the  prominence  of  the 
fore-part  of  the  chamber,  having  the  nostrils  on  its  lower  surface, 
and  constituting  the  feature  emphatically  called  the  ‘ nose,’  figs. 
159,  161.  The  formative  fold  of  integument  is  supported  by 
eleven  cartilages,  of  which  one  is  medial,  the  others  lateral, 
in  five  pairs.  The  medial  or  ‘ septal  ’ cartilage,  fig.  160,  is  usually 
triangular,  with  three  unequally  curved  margins : the  upper  one. 
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«,  is  fixed  in  tlie  f'r<K)vc  of  the  ‘ perpendicular  plate  of  the 
ethmoid,’  the  lower  border,  h,  fits  into  the  front  groove  of  the 
1 BO  vomer ; the  anterior  border,  c, 

extends  from  the  nasal  bones, 
where  it  is  thiekest,  as  at  2,  d, 
and  grows  thinner  down 
toward  the  apex  of  the  nose. 
The  varying  proportions  and 
form  of  the  septal  cartilage 
mainly  govern  the  shape  and 
prominence  of  the  nose : it 
is  least  developed  but  thick- 
est in  the  Negro  and  Papuan 
The  lateral  cartilages  vary  in  size  and  shape,  the  upper 
one,  fig.  159,  a,  is  triangular,  continuous  in  front  with  its  fellow, 

where  they  are  closely  eonneeted  with 
the  iipper  half  of  the  anterior  border, 
fig.  160,  c,  of  the  septal  cartilage. 
The  largest  of  the  ‘ alar  ’ or  ‘ pinnate  ’ 
cartilages,  fig.  159,  h,  is  bent  upon 
itself,  almost  surrounding  and  go- 
verning the  shape  of  the  nostril : 
it  is  movably  connected  with  the 
lower  and  outer  part  of  a.  To  the 
outer  and  hinder  apex  of  the  carti- 
lage h,  is  joined  the  first  of  the  three 
small  cartilages,  c,  d,  e,  which  sup- 
])ort  the  jKistcrior  convex  part  of  the 
‘ ala  ’ or  wing  of  the  nose.  The  flex- 
ible fibrous  tissue  connecting  these 
clastic  cartilages  allow  of  the  move- 
ments of  the  parts  to  be  readily  pro- 
duced, and  the  muscles  arc  accortl- 
ingly  feeble.  The  ‘ pyramidalis  nasi,’ 
fig.  161,  c,  is  continued  from  the 
medial  portion  of  the  ‘ frontalis,’  fig. 
26,./",  which  descends  over  the  up])er 
part  of  the  nose  to  the  cellular  tis- 
sue covering  the  cartilage,  ",  and  thence  onward  to  combine 
with  fibres  of  the  ‘triangularis  nasi,’  fig.  161,  c,  and  fig. 29,  n.  The 
‘ levator  labii  snperioris  aheque  nasi  ’ is  shown  at  dd,  fig.  161  ; in 
the  degree  in  which  the  alar  is  distinct  from  the  labial  portion, 
or  has  been  distinctly  exercised,  the  wings  of  the  nose  can  be  ex- 
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|«amJe<l  iiKJcj>en<lentl_v  of  anr  other  movement  of  the  face.  The 
‘depressor  abe  nasi.'  ib.y,  arises  from  the  outer  border  of  the 
sockets  of  the  canine  and  contiguous  incisor:  the  fibres  ascend 
to  the  alsp,  many  of  them  arching  over  the  outer  and  back  pro- 
minence of  the  nostril.  The  ‘ depressor  septi,’  ib.  k,  is  detached 
frr>m  the  upper  part  of  the  ‘ orbicularis  oris,’  fig.  29,  o o,  the 
fibres  converging  from  each  side  toward  the  nasal  septum.  The 
small  triangular  patch  of  pale  fibres,  fig.  1 61,  Is  the  ‘ con»- 
pressor  narium  minor:’  the  larger  quadrilateral  muscle,  A,  is  the 
‘ levator  ala  proprius.’  In  races,  like  the  Mincopies  of  the 
Amlaman  Islands  ' who  scent  the  ripeness  of  indigenous  fruits, 
moving  the  thick  ala  of  their  squab  nose,  a<  they  explore  their 
dark  forests  for  this  purpose,  the  nasal  muscles  may  be  expected 
to  be  well  and  instructively  dcvelojad. 

$ 216.  Organ  of  Hraring. — The  advance  in  this  sen.se-organ  in 
the  mammalian  class  is  seen  in  the  extension  of  the  cnchle^. 
fig.  162, into  coils  suggesting  the  name;  in  the  greater  pnqior- 
tion  of  the  perilvmph ; in  the  ossification  of  the  cartilages  between 
the  stapes  and  tympanum  forming  the  ‘ mal- 
leus.’ and  commonly  also  the  ‘ incus  and  in 
the  jaesence,  save  in  most  swimmers  and  bor- 
rowers, of  an  external  ear  or  conch,  serve<l  by 
muscles  for  various  movements  to  catch  the 
sound.  Besides  the  cochlea,  the  labyrinth, 
fig.  162,  includes,  as  in  other  V'ertebrates,  the 
semicircular  canals,  c,  d,  t,  and  the  interme- 
diate space  or  ‘ vestibule,’  a,  by  which  they 
now  communicate  with  the  w>chlca  The  semicircular  canals 
form  a smaller  prriportion  of  the  labyrinth  in  Mammals  than  in 
lower  Vertebrates ; they  retain,  however,  their  pr>sterior  position 
to  the  vestibule  and  cochlea 

The  larger  opening  in  the  Ivmy  wall  of  the  labyrinth  is  called, 
from  its  shape  in  Man,  the  ‘ foramen  ovale,’  or,  from  its  situation 
in  the  labyrinth,  ‘fenestra  vestibuli,’  fig.  162,  a:  it  is  closed  by 
the  base  of  the  stapes.  A smaller  ‘ round  aperture,’  ib.  h,  is 
called  ‘ fenestra  cochleae,’  because  it  forms  the  terminal  orifice  by 
which  one  of  the  turns  of  that  part,  ‘ scala  tympani,’  wcaild  open 
into  the  tympanum,  were  it  not  naturally  closed  by  membrane. 

,\  depression  in  the  petrosal  or  bony  ca.«e  of  the  labyrinth 
receives  the  facial  and  acoustic  nerves,  and  terminates  in  a cul-de- 
sac,  one  di^Tsion  of  which  gives  pa«,«age  to  the  facial,  fig.  165,  h ; 
the  others  receive  divisions  of  the  acoustic  nerve,  and  transmit 
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tlicm,  by  sievc-like  ]>lates,  to  tlie  labyrinth;  an  anterior  main  one, 
ib.  r,  going  to  the  cochlea,  and  posterior  ones,  ib.  ff,  m,  supplying 
the  vestibule  and  semicircular  canals. 

The  labyrinth  is  lined  by  a delicate  membrane  closing,  as  it 
])assc8,  the  fenestra  tympani,  whence  it  is  plainly  continued  into 
the  cochlea,  and  comjjletes  the  spiral  septum  of  that  j>art : con- 
tinued over  the  vestibule,  the  lining  membrane  is  applied  to 
the  base  of  the  stapes  which  closes  the  ‘ fenestra  vestibuli,’  and 
it  lines  the  semicircular  canals.  This  membrane  also  extends 
along  two  very  narrow  canals  continued  from  the  labyrinth 
to  the  exterior  of  the  i>etrosal,  where  it  passes  into  the  peri- 
osteum or  dura  mater  of  that 
part.  One  of  the  canals  com- 
mences at  the  vestibule,  at 
p,  fig.  163;  the  other  from 
the  tympanic  ‘ scala  ’ of  the 
cochlea,  at  v : the  serous  fluid 
of  the  labyrinth  passes  through 
these  canals  to  the  general 
arachnoid  reccptacleof  the  cere- 
bral serosity,  and  they  were  ac- 
cordingly termed  ‘ ac][ueducts,’ 
and  distinguished  as  ‘ vestibular  ’ and  ‘ cochlear.’  Minute  blood- 
vessels are  continued  along  both  canals ; but  their  constancy  and 
their  relation  as  the  intercommunicating  medium  between  the 
acoustic  and  cranial  serosity  indicate  a function  which  justifies 
the  precision  with  which  they  have  been  described  by  Cotugno.' 
The  anthrojMitomical  ‘ aqueducts  ’ show  the  last  trace  of  that  com- 
munity, so  extensive  in  fishes  (vol.  i.  fig.  227  ),  in  the  diflerentiation 
of  the  cranial  from  the  otocranial  cavities. 

The  mammalian  cochlea  consists  of  a spiral  tube,  fig.  163,  d,  r,  t, 
usually  describing  two  turns  and  a half,  and  narrowing  toward 
the  aj>ex,  the  vaulted  roof  of  which  forms  the  ‘ cupola,’  fig.  164,  c. 
The  internal  wall  of  the  cochlear  spire  and  the  space  it  includes 
form  the  ‘modiolus,’  ‘columella,’  or  hollow  central  pillar,  ib.  i,  s, 
which,  from  the  wider  sweep  taken  by  the  first  turn,  is  broadest 
below.  Here  enters  the  trunk,  ib.  a,  a,  of  the  cochlear  division 
of  the  acoustic  nerve,  and  the  foramina  by  which  its  fibrils  pene- 
trate the  spiral  canal  extend  along  a part  of  the  modiolus  called 
‘ tractus  s])iralis  foraminulcntus.’  The  tube  of  the  cochlea  is 
divided  into  two  jjassages  or  ‘ scala:  ’ by  a delicate  j)late  of  bone, 
fig.  163,  y,  (j,  attached  to  the  inner  or  modiolar  wall  of  the  turns, 
and  projecting  freely  into  their  cavity  toward  the  outer  wall : the 
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lining  membrane  extends  from  this  jdate  to  the  outer  wall,  fig.  164, 
ft,  e,  and  completes  the  separation  of  the  two  scala:.  The  attach- 
ment of  the  base  of  the  ‘ lamina  spiralis  ’ is  not  solid,  hut  indicates 
its  constitution  by  two  confluent  layers,  which  here  separate  and 
intercept  the  minute  channel  called  ‘ canalis  spiralis  modioli.’ 
Towards  the  apex  of  the 
cochlea  the  spiral  plate 
becomes  free,  and  forms 
the  part  called  ‘ hamulus,’ 
fig.  164,  7.  Here  the  two 
scala:  intercommunicate, 

as  shown  by  the  bristle  in 
fig.  164,  which  emerges 
above  at  the  opening 
termed  ‘ helicotrema,’  ih. 

8 : the  apical  part  of  the 
spiral  lamina  is  formed  by 
an  onward  extension  of  the 
lining  membrane  of  the 
cochlea,  bounding  the  up- 
|>er  part  of  the  columellar  canal  called  ‘ infundibulum,’  ib.  a.  In 
the  section  here  exhibited  the  lower,  5,  is  the  tympanic,  the  upjjer, 
c,  the  vestibular,  division  of  the  whorl  divided  by  the  partition.  It, 
e,  which  is  thus  seen  to  be  formed 
by  the  osseous  plate  supporting 
the  nerve-filaments,  h,  the  layer 
of  membrane  lining  the  tympanic 
scala,  .■>,  and  that  lining  the  vesti- 
bular scala,  6 ; the  two  coalescing 
beyond  the  bone,  and  becoming 
thickened  at  e,  where  they  again 
pass  into  the  parietal  lining.  The 
cochlea  is  essentially  a develoj)- 
ment  of  the  petrosal  capsule  im- 
mediately related  to  the  bone  of 
the  head  and  its  vibrations.  The 
membranous  labyrinth,  fig.  165, 
retains,  in  Mammals,  its  common 
vertebrate  character,  extending 
through  the  semicircular  canals  and  vestibule,  but  not  beyond  the 
part  of  the  latter  whence  the  cochlea  is  prolonged  to  its  mam- 
malian extent:  the  sacculus,  ib.  f,  retains  the  homologue  of  the 
otolite  of  that  part  in  fishes  and  reptiles ; the  second  otolitc,  e,  is 
also  commonly  present  in  the  body  of  the  vestibule:  both  are  in 
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the  condition  of  jjuivcrulent  aggregates  of  combined  carbonate 
and  pliospliatc  of  lime,  the  latter  in  greater  j)ro[H>rtion  in  Mammals 
than  in  Fishes : the  particles  are  held  together  by  a mucous 
tissue.  The  membranous  labyrinth  has  a ciliatc  inner  surface, 
and  contains  a thinner  ‘ endolymph  ’ than  in  fishes : it  is  sus]>eiule<l 
in  the  common  serosity  of  the  bony  labyrinth,  which  is  distin- 
guished as  ‘ perilymph.’ 

Taking  a retrospect  of  the  course  of  the  ear-organ,  the  primitive, 
constant,  and  essential  element  is  the  ‘ sacculus,’  fig.  165,  e,y,  with 
its  otolites,  which  receive  the  proportion  of  the  nerve-supply  not 
resolved  into  the  pulpy  lining  of  their  bag : this  simple  condition 
obtains  in  Cephalopotls.'  In  the  Myxine  something  like  one  bent 
canal,  and  in  the  Lamprey  two,  are  continued  from  the  sacculus : 
in  all  higher  Vertebrates  the  three  semicircular  canals  are 
established  ; hut  in  most  fishes  they  float,  as  shown  in  vol.  i. 
p.  342,  fig.  227,  in  the  common  serosity  of  the  cranium;  their 
special  bony  cases,  intercepting  so  much  of  the  arachnoid  fluid  a.s 
now  forms  the  ‘ perilym])h,’  are  subsequently  developed:  finally 
is  added  the  complex  cochlea,  into  which  the  primitive  mem- 
branous labyrinth  is  not  extended. 

In  fishes,  where  the  acoustic  nerves  are  affected  by  vibrations 
of  the  endolymph  propagated  from  the  cranium  or  the  body  gene- 
rally, the  otolites  are  large,  and  usually  of  crystalline  density.  In 
air-breathers  the  sonorous  \ ibrations  of  the  atmosphere  are  more 
directly  received : they  first  strike  ujwn  a membrane  set  in  a frame 
and  stretched  across  the  opening  of  an  air-chamher,  like  a drum. 
In  Manunals  the  ‘ membrana  tympani  ’ is  more  delicate  tlian  in 
Kei)tiles,  and,  with  few  excejitious,  is  concave  outwardly.  Sound 
is  usually  collected  into  a conch,  the  hollow  of  which  can  be 
directed  to  its  source.  'I'he  medium  of  acoustic  communi- 
cation between  the  dniin-incmbrane  and  the  labvrinth  under- 


jgg  goes  also,  in  Mammals,  that  instructive 

course  of  ossification  and  development 
which  converts  the  avian  columella  and 
its  cartilages  into  the  chain  of  little 
hones  called  ‘ otosteals.’  These,  after 
the  external  ear,  arc  the  seat  of  the 
chief  modifications  of  the  organ  in  the 
present  class.  They  retain,  in  Mam- 
malia, the  names  suggested  by  their 
shape  in  Alan,  viz.  ‘ stapes,’  fig.  166,  C, 
‘ incus,’  H,  and  ‘ malleus,’  a : a small 
ejiiphysis  between  n e and  C a,  when  sci)arate,  is  the  ‘ orbiculare  ’ 

' CIV.  |i.  294,  ami  nott.  rexux.  p.  C19. 


Human  . xo'ii**. 


Digitized  by  Googlc 


OKGAN  OF  HEARING  IX  MAMMAUA. 


223 


T}U|«autn  and  cnttadilaii  lulic.  Human,  iwt. 
1C»  III". 


or  ‘ lenticular  ’ ossicle.  To  maintain  an  equable  pressure  on  both 
sides  of  the  meiubrana  tvnqiani,  and  facilitate  the  niovenieiits  of 
the  otosteals  on  each  other, 
atmospheric  air  is  admitted 
into  the  cavity,  as  in  other 
air-breathers,  by  the  tube 
called  ‘custachian,’  fig.  167, 
r,  continued  from  the  back 
of  the  nose  or  mouth  to  the 
tympanum.  In  jisssing 
through  this  tube  the  air  is 
warmed,  and  a proj>er  at- 
mosphere maintained  in  front 
of  the  membranous  parts  of 
the  walls  of  the  labyrinth. 

The  structure  of  the  ear-organ  in  Ctlacea  is  highly  suggestive 
and  interesting;  it  is,  as  Hunter  remarks,  ‘ iijHin  the  same  jirin- 
ciple  as  in  the  quadruped;’ 
yet  the  outer  opening  and 
jiass^c  leading  therefrom 
to  the  tym|>anum  can  rarely 
l)e  affected  by  sonorous  vi- 
brations of  the  atmosphere, 
and  indeed  they  are  re- 
duced, or  have  degenerate<l, 
to  a degree  which  makes  it 
difficult  to  conceive  how 
such  vibrations  can  be  pro- 
pagated to  the  ear-drum 
during  the  brief  moments 
in  which  the  opening  may 
be  raised  above  the  water. 

In  a full-sized  Cachalot  it 
is  a longitudinal  slit  one 
inch  in  length,  admitting 
with  difficulty  the  end  of 
the  fore-finger.  In  our  com- 
mon porpoises  and  dolphins 
this  opening  is  so  small  as 
to  refjuire  search  in  detect- 
ing, fig.  168,  a : it  leads  to 
a flexible  membranous  canal 

capable  of  recci\ing,  in  orgmnoflicmrtn9,  Di-l{>hinD,.  XX- 


Digitized  by  Google 


2-24 


AXATOMY  OF  VF.RTEBRATF.S. 


Delphinu.1  tursio,  a hog’s  bristle : having  passed  through  the  skin 
and  blubber,  it  makes  a sudden  bend  upon  itself,  at  b,  and  is  then 
continued  by  a course  of  about  an  inch  and  a half  to  the  ear-drum, 
where  it  rather  suddenly  expands:  in  the  subcutaneous  part  of 
its  course  the  walls  are  strengthened  by  a few  longitudinal  carti- 
lages with  elastic  connections,  allowng  of  slight  changes  in  length 
and  disposition ; but  the  walls  are  in  contact  throughout  most  of 
the  narrow  ]>art  of  the  tube.  The  car-drum  is  concave  exter- 
nally in  Delphinid<e  and  Physeteridm  ; but  in  a Balcenoptera 
Hunter  found  it  projecting  with  an  unusual  degree  of  convexity 
into  the  dilate<l  inner  termination  of  the  meatus. 

The  density  of  the  osseous  tissue  of  the  tympanic  bone,  ib.  c, 
recalls  that  of  the  large  otolites  of  fishes,  and  the  almost  free 
suspension  of  this  singularly  shaped  subconvolute  mass  suggests 
that  it  may  be  affected,  like  those  otolites,  by  the  sonorous  vibra- 


the  inner  surface  of  the  ear-drum;  but  this  is  extended  at  e 
beyond  the  circumference  of  the  inner  termination  of  the  bony 
meatus.  The  malleus  articulates  in  the  usual  mammalian  way 
with  the  incus,  h,  and  the  inner  crus  of  this  with  the  stapes,  i,  the 
thick,  marginally  rounded,  elliptical  base  of  which  is  deeply  sunk 
into  the  ‘ fenestra  ovalis : ’ there  it  is  arrested  by  and  presses 
against  tbe  continuation  of  the  lining  membrane  of  the  vestibule, 
which,  like  the  drum-membrane,  is  affected  by  the  movements  of 
the  attached  ossicle:  these  are  due  to  a ‘stapideus’  muscle, 
fig.  169,  o,  inserted  into  the  neck  of  the  stapes  so  as  to  pull  it  at 


tions  which  are  propagated 
through  the  water  and  strike 
u|)on  the  outer  surface  of  the 
head  of  the  Cetacea.  How- 
soever the  ear-drum  may  be 
agitated,  whether  by  a pos- 
sible entry  and  propagation 
of  air-vibrations  through  the 
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meatus,  a,  b,  or  by  an  affection 
of  the  dense  and  massive  bone, 
fig.  169,  a,  supjjorting  it,  tbe 
vibrations  are  conducted  by 
a triangular  plate  of  fibrous 
tissue,  ib. /■,  to  the  handle  of 
tbe  malleus,  g,  one  margin  of 
the  transmitting  plate  being 
attached  to  about  three- 
fourths  of  the  long  axis  of 
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nn  aii^le  of  45°  with  the  plane  of  the  base : anti,  by  tlejiressing 
this  into  the  ‘ fenestra,’  to  make  tense  the  closing  curtain  anti  set 
in  motion  the  jterilymph.  The  muscle,  ib.  n,  which  seems  to 
answer  to  the  ‘ tensor  tympani,’  degenerates,  in  most  Cetacea,  into 
tissue  which  becomes  ossified  and  fixes  the  malleus  to  the  wall  of 
the  tympanum.  In  all  Cetacea  the  otosteals  are  dense  and  massive. 
In  Deljthinus  leucas  the  staj)es  is  iinjierforate,  as  in  the  Walrus, 
fig.  170,  C:  in  Phuccena  communis,  ib.  n,  there  is  a small  hide. 
From  the  inner  or  mesial  and  anterior  end  of  the  tympanum  the 
Fustachian  canal  is  continueil,  which  terminates,  as  shown  by  the 
probe,  d,  in  fig.  108,  in  the  fauces  above  the  posterior  part  of  the 
Inmy  jmlate  which  has  been  cut  away  to  exjwse  it,  the  parts  being 
ilisplayed  from  below.  The  tube  is  membranous  throughout,  not 
traversing  any  bony  canal.  In  the  porpidse  its  inner  surface  is 
provided  with  folds  like  valves,  with  the  free  margin  directed  to 
tlie  nasal  outlet  of  the  tube:  this  part  communicates  with  sinuses, 
some  leading  to  a cellular  structure,  others  compared  by  Hunter 
‘ to  the  large  bag  on  the  basis  of  the  skull  of  the  horse.’  ' The 
cetacean  labyrinth  is  excavated  in  a petrosal  capsule,  fig.  1G9,  5,  m, 
of  the  same  dense  kind  of  bone  as  the  tympanic,  but  of  an 
irregular  shape,  and  attached  by  a short,  thin,  easily  fractured 
plate  to  the  tympanic.  The  usual  mammalian  characters  here 
jirevail : the  cochlea,  k,  is  indeeil  relatively  larger,  compared 
with  the  semicircular  canals,  than  in  other  Mammals,  and  differs, 
in  Delphinidee,  in  the  greater  extent  and  form  of  the  ‘ scala 
vestibuli,’  which  more  resembles  a comjdetc  tube  than  the  half  of 
such  divided  in  the  direction  of  its  axis : it  also  describes  an 
oblique  sigmoid  curve  on  leaving  the  vestibule  before  it  com- 
mences its  sjiiral  turns,  which  arc  two  and  a half  in  number,  and 
rather  more  dejiressed  than  usual.  The  aqucductus  cochleaj  is 
large  in  Detphinida;.  The  fenestra  ovalis  is  bordered  by  a rim 
for  the  stapes.  The  fenestra  rotunda  is  relatively  large,  and  is 
divided,  the  lower  canal  jiassing  along  the  wall  of  the  scala  ves- 
tibuli and  conveying  a part  of  the  cochlear  nerve.  The  acoustic 
nerve  is  large. 

In  Man  it  has  been  found  that  the  fall  of  a drop  of  water  on 
that  with  which  the  meatus  has  been  filled  affects  the  air  in  the 
tyni|>anuin,  so  as  to  produce  a .sensible  impression  of  sound. “ The 
membrane  closing  the  fenestra  cochleaj  transmits  its  vibrations  to 
the  fluid  filling  the  corresjMjnding  cone  or  ‘scala,’  which  would  be 
propagated  at  the  ajjical  communication  along  the  other  cone  to 
the  vestibide:  the  Cetacea,  with  their  meatus  and  ear-drum  in  a 
• .xciv.  p.  352  (17S7).  ’ Sec  CurlisU''8  exjioriinoiu  in  cn",  p.  207. 
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like  condition,  would  thus  be  affected  by  any  sonorous  vibrations 
that  might  be  propagated  to  the  tympanic  cavity ; and  the  share 
which  the  cochlea  would  take  in  their  application  to  the  acoustic 
nerves  may  explain  the  large  proportional  size  of  that  part  of  the 
labyrinth  and  of  the  foramen  rotundum. 

In  Siretiia  the  acoustic  capsule  is  small,  but  dense  in  structure; 
it  coalesces  with  the  tympanic  and  mastoid,  and  the  compound 
ear-bone  is  partly  lodged  in  a large  hemispheric  cavity  of  the 
squamosal,  and  partly  projects  into  the  wide  vacuity  between 
that  bone,  the  basisphenoid,  and  basioccipital.  The  otosteals 
are  relatively  large,  especially  the  stapes,  fig.  170,  E {Manatus'), 

which  forms  a massive,  elon- 
gate, conical,  subcompressed 
ossicle,  truncate  atop  and  ob- 
liquely perforated  above  its 
oval  convex  base  : the  incus  is 
a much  smaller  bone  with  one 
crus  thick,  the  other  short  and 
styliform : the  malleus  has  a 
large  irregularly  globose  he.ad 
and  a handle  terminated  by  an 
abrupt  point.  The  massiveness  of  the  malleus  of  the  Porpoise, 
ib.  B,  and  Walrus,  ib.  c,  has  already  been  referred  to:  in  the  Seal, 
ib.  D,  the  bone  has  lost  less  of  the  character  of  the  mammalian 
stapes.  In  the  Ornithorhynchus  the  avian  type,  ib.  a,  is  retained, 
and  the  prolongation  of  the  column  has  not  developed  the  pro- 
cesses marking  out  the  incus,  as  in  the  marsupial,  fig.  171. 

In  Monotremata  the  acoustic  nerve  is  expended  upon  a laby- 
rinth remarkable  for  the  small  relative  size  of  the  semicircular 
canals  and  the  free  projection  of  their  bony  wall  into  the  cranial 
cavity.  The  cochlea  is  wide,  but  not  high ; it  is  bent  in  two 
turns,  divided  as  usual  into  a vestibular  and  tympanic  scala.  The 
foramen  ovale  is  nearly  circidar  and  opens  into  the  wide  but 
shallow  tympanic  cavity.  It  is  closeil  by  the  base  of  the  columel- 
liform  stapes,  fig.  170,  A;  the  incus  being  re[>resented  by  a pn.>- 
longation  and  expansion  of  the  handle  or  neck  of  the  colninella, 
as  in  Birds.  In  this  class  such  incudial  expansion  is  joined  to  an 
obtuse  angled  triangular  plate  of  cartilage,  the  longest  side  of 
which  is  attached  to  the  membrana  tyinpani.  In  the  Orni- 
thorhynchm  the  homologue  of  this  cartilage  is  ossified,  forming  a 
bent  plate  which  performs  the  office  of  the  manubrium  of  the 
malleus  and  also  contributes  to  the  frame  of  the  membrana  tyin- 
pani. This  membrane  is  concave  externally,  and  fonns  the  inner 
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extremity  of  a long  and  narrow  meatus  auditorius  externus,  which 
is  strengthened  hy  a cartilaginous  incomplete  cylinder,  protected 
by  a valve,  hut  not  provided  with  an  external  conch.  This  is 
equally  wanting  in  the  Echidna,  in  which  the  external  aperture 
<»f  the  auditory  canal  presents  the  form  of  a vertical  slit,  shaped 
like  the  italic  f,  one  inch  and  a half  in  length : the  margins  of 
the  slit  are  tumid,  and  support  a row  of  bristles  which  protect  and 
cover  the  orifice  when  recumbent.  The  meatus  is  remarkably 
long  ; the  tube  is  strengthened  in  this  Monotreme  by  a series  of 
incomplete  cartilaginous  hoops,  connected  together  by  a narrow 
longitudinal  cartilaginous  band,  so  that  its  structure  closely  re- 
sembles that  of  a trachea,  fig.  301,  a,  a.  The  tympanic  fossa  is 
almost  entirely  encircled  with  a slender  hoop  of  bone,  vol.  ii. 
fig.  197,  28,  consisting  of  the  anchylosed  tympanic  bone  and  mal- 
leus. The  portion  which  represents  the  tympanic  bone,  ib.  a,  and 
which  can  be  separated  from  the  malleus  in  the  young  subject,  is 
a slender  osseous  filament  bent  into  three-fourths  of  a circle,  and 
placed  upon  the  inner  margin  of  the  tympanic  fossa,  its  concavity 
looking  outward : this  concavity  is  impressed  with  a fine  groove 
for  the  insertion  of  the  membrana  tympani : the  posterior  part  of 
the  hoop  passes  across  the  commencement  of  the  Eustachian 
canal,  and  terminates  in  a free  point  upon  the  posterior  wall  of 
the  tympanic  fossa : the  anterior  end  of  the  hoop  is  applied  to  and 
usually  anchylosed  with  the  longitudinal  bar  of  the  malleus. 

Only  a small  portion  of  this  ossicle  is  contained  within  the 
cavity  of  the  tympanum  ; the  principal  portion,  ib.  o,  forms  the 
external  and  part  of  the  posterior  boundary  of  the  bony  meatus 
auditorius,  and  is  then  continued  forwartl  in  the  form  of  a slender 
pointed  process ; the  bone  slightly  expands  as  it  extends  back- 
ward, and  its  broadest  part  is  abruptly  bent  inward  until  it  nearly 
meets  the  posterior  end  of  the  tympanic  hoop.  From  the  extre- 
mity of  this  inflected  portion  a slender  compressed  process,  c, 
extends  to  the  centre  of  the  space  encircled  by  the  bony  hoop ; 
it  is  attached  by  its  whole  length  to  the  membrana  tympani,  and 
represents  the  handle  of  the  malleus.  At  the  posterior  margin 
of  the  broad  incurved  part  of  the  malleus  there  are  two  minute 
ossifications  in  an  incudial  cartilage:  the  short  and  simple  co- 
lumelliform  stapes,  ib.  d,  ascends  vertically  from  the  innennost  of 
these  tubercles,  with  the  upper  surface  of  which  it  is  articulated  ; 
its  opposite  extremity  closes  the  foramen  ovale  in  the  form  of  an 
expanded  plate.  The  membrana  tympani  is  concave  outwardly 
at  its  middle  part. 

In  Mursupialia  the  chief  instruction  from  the  car-organ  is 

Q 2 


Digitized  by  Google 


ANATOMY  OF  VERTEBRATES. 


2-2S 


aH’oiiled  liy  the  siicccssivc  steps  l>y  wMcli  the  onlinary  nianiiiia- 
liaii  condition  of  tlie  otosteals  is  attained.  In  most,  as  in  Pera- 
tnrlrs,  the  stapes  is  still  coliimcllifonn,  fi".  171, 
e : its  hast"  oval,  sup|M)rted  on  an  imjK.‘rforate 
stein ; its  a[>ex  more  expanded  than  in  Mono- 
trernes,  sending  off  the  process,  d,  and  develo|>- 
ing  the  articular  cup  for  the  malleus,  a-c.  This 
rejircsentation  of  ‘incus’  begins,  as  in  Echidna, 
hy  a separate  ossification.  In  Macropiis,  it 
more  commonly  retains  its  individuality,  and 
the  sta|K!8,  fig.  1 72,  is  minutely  perforate  alxive 


Otostcala,  IVniiu^lea. 


the  disc : however,  in  some  instances,  it  also  shows  the  jirocess,  d. 
The  rcsemhiance  of  the  malleus,  fig.  171,  to  the  ‘ cartilago 
columella:’  of  birds  is  instructively  close  in  most 
marsupials : but  the  ]>arts  called  the  ‘ head,’  r, 
I ‘ body,’  b,  and  ‘ handle,’  a,  are  definable.  The 
largest  projiortiunal  external  ears  are  those  of  the 
K.nK»r.«,  ]>frameles  lagotis,  the  shortest  those  of  the  Wom- 
bat, The  tympanic  cavity  in  Perameles  is  very  extensive,  but  is 
formed  by  the  sphenoid  and  petrosal  bones ; the  tym|)anic  bone 
is  limited  to  the  function  of  sup|K>rting  the  ear-diaim,  and  forming 
the  internal  commencement  of  the  meatus  aiiditorius  externus. 
The  internal  extremity  of  the  tymjianic  cylinder  projects  ol>- 
licpicly  into  the  iKisterior  and  outer  part  of  the  sphenoidal  bulla. 
In  many  other  marsupials  the  tyinjianic  is  prolonged  into  a 
bony  sup|Mirt  of  more  or  less  of  the  external  ear-jia-ssage,  the 
extent  and  direction  of  which  are  noted  in  vol.  ii.  ji.  340:  the 
species  in  which  the  tympanic  cavity  is  Biip])lcmcntcd  hy  excava- 
tions in  the  squamosal  arc  also  there  mentioned. 

It  is  interi'sting  to  find,  in  some  Hats,  a retention  of  the  colu- 
mclliform  confluence  of  stajics  and  itu-iis,  as  in  fig.  173,  a ( I’m- 
pcrtHio  Hortida).  All  insectivorous  Cheiroptera  likewise  show  the 
semicircular  ean.als  jirojecling  from  the  rest  of  the  acoustic  bony 
ca|i.Hnle,  which  is  relatively  large  and  free.  The  cochlea,  however, 
ileparts  far  from  the  llird-type,  being  of  unusual  relative  size,  and 
in  some  species  di'scribing  more  than  three  turns:  divided  as 
usual  into  the  two  s<*ahe,  of  which  the  tympanic  one,  ns  in  Whales, 
is  much  the  largest.  'I'he  divisions  of  the  meatus  internus  for  the 
ccMdilcar  and  vestibular  branches  of  the  nerve  are  unusually  dec|> 
and  distinct.  The  tympanic  is  here  mainly  subservient  the 
sup|K>rt  of  the  drum-nu'inbrane  : it  is  deeply  sunk  into  the  tym- 
]>anic  cavity,  and  very  concave  oulwanlly.  One  branch  of  the 
stai  K's  is  thicker  than  the  other;  the  two  crura  of  the  incus  are 
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■wide  apart,  and  the  articular  one  is  the  longest.  The  ear-conchs 
are  large,  delicate  ; in  some  genera  of  Bats  enormously  expanded : 
they  have  been  noticed,  together  with  their  vibratory  movements, 
under  the  ‘ Organ  of  Touch.’  In  the  frugivoroiis  kinds  the  conch 
is  small ; but  with  tragus  and  antitragus  verj-  distinct.  A large 
and  e.\pande<l  malleus  obtains  in  Pteropus  fuscus,  with  the 
jirocess  and  handle  of  almost  equal  length.  The  stapes  is  narrower 
in  proportion  to  its  length  than  in  true  Bats. 

In  most  Insectivorn  the  bony  semicircular  canals  project  from 
the  petrosal  capsule  within  the  cranium,  and  conspicuously  so  in 
the  mole,  in  which  the  petrosal  is  large  and  cellular.  Part  of 
the  osseous  wall  of  the  labyrinth  conducts  a vessel  and  nerve 
through  the  o|)ening  of  the  stajKJS,  as  shown  in  fig.  17.3,  C.  The 
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base  of  this  ossicle  is  very  thin  at  the  middle ; it  has  a wide 
o|>cning : the  malleus  has  an  elongate  tuberous  head.  The  ear- 
conch  dees  not  project.  In  Shrews  it  is  generally  broad,  thin, 
naked,  and  complex,  rounded,  and  but  little  projecting.  In  Sorrx 
finliens,  Pall.,  the  free  margin  is  folded  and  concealed  by  the  sur- 
rounding hair:  in  the  Water-Shrews  the  protecting  hairs  arc 
longer ; there  are  two  folds  within  the  conch ; the  upper  one  has  a 
marginal  row  of  hairs;  the  lower  one — a kind  of  antitragus — can 
be  folded  over  the  auditory  canal.  When  the  outer  margin  of 
the  conch  is  unfolded  it  reaches  to  the  level  of  the  top  of  the 
hca<l.  In  the  great  groove-toothed  shrew  (Solenodon)  the  auricle 
is  .shaped  as  alwve,  has  the  free  margin  unfolded,  has  fine  short 
hairs  on  both  surfaces ; and  the  protecting  folds  of  the  meatus  at 
the  bottom  of  the  conch  arc  relatively  small,  but  complex. 

The  lamelliform  type  of  malleus  prevails  in  all  Shrews : it  is 
figured  from  Sorex  araneus,  in  fig.  173,  B,  a,d.  In  the  Hedgehog 
the  oval  and  round  apertures  of  the  labyrinth  are  approximate : 
the  cochlea  makes  a slight  projection  into  the  tympanic  cavity. 
The  ba-sisphenoid  enters,  as  in  Marsupials,  into  the  formation 
of  the  tympanic  cavity,  and  the  tympanic  bone  retains  its  free- 
dom and  is  almost  restricted  to  the  support  of  the  druni-mciu- 
braiie:  the  sf.apes,  fig  173,  D,  has  slender,  unequal  crura,  and 
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a wide  aperture  ; it  is  as  large  as  the  incus,  the  attached  crus  of 
which  is  short,  its  free  one  long  : the  malleus  equals  both  bones, 
and  its  head  and  body,  as  in  Shrews,  are  unusually  expanded.  In 
Centetes  it  is  less  broad,  with  a longer  process  and  shorter  and 
thicker  handle.  The  membrana  tympani  is  almost  horizontal ; 
there  is  no  bony  meatus  externus.  The  ear-conch  is  short,  broad, 
and  rounded : two  of  its  muscles  are  derived  fn>m  the  strongly 
developed  dorsal  panniculus  camosus,  fig.  7.  In  the  Tenrec  the 
tympanic  e.xtends  into  a short  ‘ meatus  externus.’ 

In  the  Kat  {Mus  decumanus)  the  orifices  for  the  cochlear  and 
vestibular  divisions  of  the  acoustic  nerve  open  sejiaratcly  on  the 
j)ctrosal  surface,  not  into  a common  ‘ meatus  internus.’  In  sec- 
tions of  the  cranium  of  some  Rodents  I observe<l  that  the  tym- 
]>anic  cavity  was  divided  by  a horizontal  partition  into  an  upjier 
and  lower  compartment,  intercommunicating,  in  the  Porcupine, 
])ostcriorly  above  the  membrana  tympani ; this  is  situated  in  the 
lower  com]iarlment,  the  external  meatus  tenninating  in  a narrow 
obIi(|uc  slit  at  its  upper  j>art.  In  the  beaver  the  upj)cr  com- 
partment of  the  tympanum  is  much  smaller;  the  bony  meatus 
contracts  to  a transverse  slit  as  it  aj)proachcs  the  membrana  tym- 
])aiii,  the  plane  of  which  is  almost  parallel  with  that  of  the  meatus 
itself:  from  the  membrane  the  bony  meatus  c.xtcnds  outwanl  and 
curves  forward  and  a little  uj)ward.‘  In  the  Paca  ( Vtthymys)  the 
horizontal  septum  divides  oidy  the  anterior  half  of  the  tympanic 
bulla  into  an  upper  and  lower  comj)artment,  the  meatus  termi- 
nating, ns  usual,  in  the  latter.  The  tymjianic  cavity  is  remarkably 
developed  in  most  members  of  the  present  active  timid  order:  it 
is  cnf)nnoiis  in  Clrnomys.'^  In  the  Chinchilla the  mastoid 
|H>rtion  rises  to  the  uj)pcr  surface  of  the  cranium,  where  it  is 
girt  by  a slender  band  of  the  combined  supcroccipital  and  squa- 
mosal : the  petrosal  part  of  the  tympanic  bulla  describes  a curve 
downward  and  backward  circumscribing  a large  foramen  which 
oi)cns  into  the  bulla  beneath  the  meatus  auditorius  externus. 
'I'liis  is  long,  wide,  l'unncl-sha]K'd,  with  the  outlet  obliquely  trun- 
cate and  dircctcnl  upward  and  a little  backward.  In  the  C'apy- 
bara  the  hony  meatus  externus  is  unusually  contracted,  is  ch'ft 
below,  and  bounded  there  by  two  small  tuberosities.  In  the 
Hare  the  mental  part  of  the  tympanic  is  long  and  ascends  ob- 
li<|uely  backwanl  from  the  frame  of  the  drum-membrane.  This 
is  a long  ellipse ; the  handle  of  the  malleus  extends  from  above 
down  its  long  axis  to  about  one-fourth  from  the  lower  Ixirder  ; 
the  fibres  ol  the  ‘membrana  propria,’ diverging  from  nearly  the 
' XMV.  No«.  2IM4,  2U93,  2166.  * XUT.  |).  365,  mv  2012. 


Digitized  by  Google 


ORGAN  OF  HF^BING  IN  MAMMALIA. 


231 


whole  length  of  the  handle,  affect,  for  the  most  part,  a trans- 
verse course.  The  stapes  has  a wide  vacuity  and  slender  crura, 
and  in  many  Rodents  (Squirrels,  Ca^-ies,  Marmots,  fig.  173,  e)  it 
is  traversed,  as  in  Moles,  by  the  bony  canal  of  a vessel  and  nerve. 
The  ear-conch  shows  a wide  range  of  variety,  from  some  swim- 
mers ( Cattor)  and  burrowers  { Mole-rat,  fig.  174)  where  it  is  hardly 
visible,  to  the  Flying  Squirrels  (vol.  ii.  fig.  154),  Jerboas  and 
Hares,  where  the  ears  are  conspicuous  appendages  to  the  head. 

The  Sloths  contrast  with  the  Rwlents  in  the  degree  in  which 
they  enjoy  the  sense  of  hearing ; the  conch  is  rudiinental ; there 
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is  no  bony  meatus ; the  tympanic  is  re<luced  to  its  function  as 
the  frame  of  the  drum-head,  and  long  retains  its  individuality. 
The  stapes  is  small  and  imperforate,  in  the  two-toed  species, 
fig.  173,f.  The  crura  of  the  incus  arc  thick,  of  equal  length, 
very  divergent.  The  handle  of  the  malleus  is  bent  at  the  middle ; 
it  is  short,  as  is  also  its  process.  The  tympanic  cavity  extends 
into  the  squamosal  and  pterygoid. 

In  the  Armadillos  (Dasypus)  the  meatus  intemus  is  subspiral; 
the  cochlea  projects  into  the  tympanic  cavity:  this  is  large,  but 
owes  little  to  the  tympanic  bone.  The  malleus  is  bent,  almost  as 
in  Monotremes,  completing  the  circle  for  the  drum-membrane, 
and  expanding  for  its  attachment  thereto : the  part  articulated 
with  the  incus  is  very  broa<l  and  flat.  The  car-conch  is  con- 
tracted and  tubular  at  its  base ; but  expands  to  a length  of  nearly 
two  inches  and  a breadth  of  one  inch  in  Dasypus  Peba,  in  which 
the  apex  is  rounded  off.  In  Orycteropun,  also,  the  external  ears 
are  very  large  fora  burrower.  In  the  true  anteatcrs(J/yrmc- 
co/»Ao^a)  they  arc  much  smaller : the  tympanic  Ijonc  retains  its 
freedom  and  is  chiefly  subservient  to  the  support  of  the  drum- 
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niomhrane,  which  is  j)hicctl  very  ohli(|uely.  In  the  pangolins 
(Manis)  the  ear-conch  is  presented  hy  u small  scale-like  fold  of 
thin  integninent. 

In  the  Elephant  the  petrosal  is  small  in  projwrtion  to  the 
size  of  the  animal:  its  apex  is  grooved  hy  the  entocarotid.  The 
|)ost-tympanic  part  of  the  mastoid  meets  the  jwstglcnoid  process 
below  and  circnmscrihes  the  outer  auditory  aperture  : the  tym- 
panic contributes  the  lower  wall  of  the  meatus,  internal  to  which 
it  cxj)ands  into  a ‘ bulla,’  which  unites  with  the  j)etrosal.  The 
tympanic  cavity  communicates  with  the  air-sinuses  so  exten- 
sively developed  in  the  cranium,  fig.  154.  The  stapes,  fig. 
175,0,  has  a thin  convexo-concave  base;  its  branches  .arc  of  un- 
erpial  length  ; the  incus  and  malleus  are  large  in  pro|M>rtion  : the 
drum-mcinbranc  is  a full  oval,  the  radiating  fibres  of  its  i>roj)cr 
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tunic  diverge  from  the  end  and  siiles  of  the  handle  of  the  malleus, 
which,  terminating  near  the  great  end  of  the  oval,  causes  a cor- 
responding difference  in  the  length  of  these  fibres.  The  ear- 
conch  is  large,  prodigiously  so  in  the  African  species,  and  ex- 
tremely mobile  in  both  kinds. 

In  the  lIipjK)[)0tamu8  the  free  part  of  the  petrosal  is  of  a 
compres.scd  pyriform  figure  ; the  tympanic  is  expanded,  at  the 
cavity,  and  prolonged  obliquely  and  almost  vertically  upward 
into  a nieatal  tube,  which  becomes  almost  concealed  between  the 
zygomatic  and  paroccipital  in  the  old  animal.  The  otosteals  are 
small  and  ma.ssivc  ; the  stapes  ha.s  a very  small  perforation,  fig. 
175,  a;  the  handle  of  the  malleus  is  short:  the  conch  is  very 
small  and  little  prominent. 

The  petrosal  is  sm.all  and  rounded  in  the  Ilog-tribc  ; it  retains 
its  primitive  individuality  in  the  Babyroussa ; not  coalescing 
with  the  independently  developed  mastoid  or  other  elements  of  the 
otocrane.  The  tympanic  contains  air-cells  and  is  produced  into 
a long  and  narrow  auditory  canal  obliquely  upward  and  back- 
ward, with  an  external  orifice  smaller  than  the  frame  of  the 
car-<lruin.  Both  the  base  and  aperture  of  the  sta|ies  arc  small, 
tig.  175,  B,  and  both  the  handle  and  body  of  the  malleus  arc  short. 
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The  conch  is  small  ami  erect  in  the  Wild-hogs,  larger  and 
j>endant  in  the  domestic  breeds. 

In  the  Anojdothere  the  bony  outer  ajwrture  of  the  ear  was 
round  and  horizontal,  the  passage  directed  from  the  tym|)amim 
backward.  The  diameter  of  the  semicircular  canals,  ns  in  most 
other  Ungulates,  is  relatively  less  than  in  most  small  Lissence- 
{dialous  Unguiculates.  The  lower  ridge  of  the  petrosal  is  less 
marked  in  Camels  than  in  true  liuminants.  In  these  the  stapes  is 
usually  arched,  widely  open,  with  thickish  crura,  grooved  inter- 
nally, fig.  175,  C,  liiibalus,  the  base  a long  oval.  In  the  Ox  the 
merahrana  tympani  is  oval ; the  handle  of  the  malleus  extends 
from  above  obliquely  downwaixl  and  forward  to  one-fourth  of 
the  long  diameter  from  the  small  end,  and  lies  near  the  anterior 
part  of  the  circumference ; consequently  the  posterior  fibres  di- 
verging from  the  handle  are  longest : in  the  stapideus  muscle  is 
imbcddcil  at  the  passage  of  the  carncous  into  the  tendinous  part, 
a roundish  ossicle,  about  three-fourths  of  a line  in  long  diameter, 
and  one-third  of  a line  in  short  diameter.  The  tympanic  hone  is 
<-ompressed  and  produced  into  a long  auditory  canal  with  a 
trenchant  lower  border,  and  the  outlet  almost  horizontal.  The 
car-conch  in  Kuminants  is  commonly  characterised  by  three 
vertical  rows  of  hairs  longer  than  the  rest  on  the  inner  surface. 

The  external  ears  of  the  Horse,  fig.  156,  are  most  expressive 
ap|)cndagcs,  in  their  extensive,  rapid  and  various  movement-s. 
The  tympanic  bulla  is  divided  by  an  unu.sually  regular  series  of 
radiating  plate.s.  The  stapes,  fig.  175,  D,  is  an  elongate  triangle, 
with  crura  of  unequal  thickness,  a j)roduced  cervix,  and  narrow  ob- 
long base.  Both  the  stapideus  and  tensor  tympani  have  thick  fleshy 
jMirtions : in  the  stapideus  of  the  Horse  there  is  an  ossicle,  smaller 
than  in  the  Ox,  and  of  a longish  shape,  thicker  in  the  middle. 
The  auditory  chamber  of  the  Tapir  is  small : the  tympanic  does 
not  develope  a meatus  externus:  the  part  sup|H)rting  the  mem- 
brane early  coalesces  with  the  squamo.sal  an<l  the  post-tympanic 
part  of  the  mastoid.  The  base  of  the  stapes  is  elongate,  fig. 
179,  E:  the  head  of  the  malleus  is  compressed,  its  handle  is  bent. 
In  the  Rhinoceros,  also,  the  tympanic,  which  is  reduced  to  the 
frame  of  the  membrane,  is  indistinguishable  from  the  mastoid 
and  squamosal  with  which  it  early  becomes  fusetl.  The  petrosal 
is  very  small.  The  stapes  is  triangular,  with  a moderate  vacuity, 
and  thick  crura,  ib.  F : the  crura  of  the  incus  are  very  short : the 
head  of  the  malleus  is  bifid,  its  handle  much  curve<l.  The  conch 
is  pedunculate,  and  ex|)ands  into  a moderate  elliptical  chamber, 
from  the  upper  part  of  the  head.  The  tympanic  of  Ilyrax  is 
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swollen  and  continued  into  a short  horizontal  auditory  tube:  the 
base  of  the  stapes  is  rarely  ossified  beyond  the  circumference : 
the  crura  of  the  incus  arc  subequal  and  very  divergent:  the 
malleus  has  a long  handle.  The  ear-conch  is  short  and  round. 

This  a{)pendage,  in  Carnivora,  enlarges  and  elongates  progres- 
sively from  the  eared-seals  and  bears  to  the  hyenas;  exception 
being  made  for  the  aquatic  MugtelidcB  (^Lutra  and  Enhydra) 
which  are  seal-like  in  its  smallness,  and  for  the  Fennecs  which 
show  the  opposite  extreme ; the  character  expressed  by  the 
subgeneric  name  Megalotis  makes  the  Nubian  species  conspi- 
cuous in  the  old  Egyj)tian  frescos. 

The  seals  offer  a great  contrast  to  the  manatees  in  the  rela- 
tive size  of  the  stapes,  fig.  176,  a,  which  is  much  smaller  than 
the  incus  or  malleus  ; but  it  presents  a similar  massive  character, 
with  inequality  of  thickness  of  the  crura  and  a small  perforation, 
ib.  and  fig.  170,  d.  In  the  walrus,  ib.  C,  the  stapes  is  imperforate. 
In  all  Phocida,  the  body  of  the  incus  is  tumid  with  short  sub- 
equal  branches : the  body  of  the  malleus  expanded,  compressed, 
and  its  handle  short.  The  tympanic  is  large  and  dilated:  it  coalesces 
with  the  petrosal  and  mastoid,  and  together  they  occupy  a large 
interspace  between  the  basisphenoid,  basioccipital  and  squamosal. 
It  is  interesting  and  suggestive  to  find  that  with  proportions  and 
|K>wers  of  the  pinniform  limbs  that  enable  the  Seals  of  the  southern 
ocean  to  raise  and  move  the  trunk  better  than  in  most  northern 
kinds,  the  ear-conch  begins  to  be  visible,  whence  the  name 
‘ Otaria  ’ for  such  sea-bears  and  sea-lions. 

4 \ 

A.  KesU.  H.  Oltcr.  C.  Dear.  D.  Dug.  x.  Tiger. 

In  Bears  ( it  has  but  a moderate  perforation,  fig.  176, 
C,  showing  the  affinity  to  the  Seals : the  crura  of  the  incus 
arc  of  unequal  length  : the  head  of  the  malleus  is  subcompressed  : 
its  handle  of  moderate  length,  and  its  process  short. 

In  the  badger  {Meles)  the  stapes  is  small,  with  an  elliptic  base 
and  moderate  vacuity  ; the  crura  of  the  incus  are  of  unequal 
length : the  malleus  is  large  with  a subcompressed  head,  and  the 
handle  terminally  expanded.  The  tymj)anic  is  large  and  mode- 
rately infiatctl.  The  stapes  of  the  kinkajou  has  a larger  base 
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and  wider  opening  than  in  the  badger : the  incus  is  relatively 
small.  In  the  wolverine  (6'«/o)  the  malleus  is  perforated  near 
the  origin  of  the  process  ; repeating  a character  presented  in  some 
birds  by  its  cartilaginous  homologue.  In  the  otter  {Lufra 
Tulgarit)  the  malleus,  fig.  176,  B,  is  similarly  perforated;  the 
stapes  is  small,  but  adheres  to  the  musteline  type  of  the  bone 
and  is  more  widely  oi)cn  than  in  Seals.  In  the  civets  the  stapes 
is  triangular,  its  base  oval,  the  branches  thick  and  gro<ived  on  the 
inner  side : the  crura  of  the  incus  are  short  and  very  divergent. 
In  Canii  the  stapes,  ib.  D,  is  subelongate,  with  the  apex  small, 
the  base  oval : the  intercrural  space  is  large.  The  handle  of  the 
malleus  is  grooved  lengthwise.  The  stapes  of  the  hywna  has  a 
.slightly  convex  and  longish  oval  ba.se  ; the  crura  of  the  incus  arc 
«hort : the  malleus  is  rather  curved,  with  a short  subcompressed 
handle.  Tl>e  ear-conch  is  large  and  long,  without  any  fold  of 
the  external  border : the  tympanic  is  less  inflated  than  in  Felix. 
The  cochlea  is  longer  and  more  prominent  in  the  dog  than  in 
the  cat.  In  this  type-genus  of  Carnieora  the  acoustic  capsule 
and  labvrinth  are  small,  especially  in  the  large  species ; but  the 
tvmpanic  cavity  is  expanded  in  all  felines  into  a notable  ‘ bulla  ’ 
at  the  base  of  the  skull,  fonned  chiefly  by  the  tympanic,  which, 
after  framing  the  drum-membrane,  forms  an  oval  external  orifice, 
deeply  seated  in  the  narrow  space  between  the  mastoid  and 
zygoma.  The  stapes  is  a longLsh  triangle,  widely  ojien,  with 
the  apex  truncate  anil  the  base  oblong,  fig.  176,  e.  Tiger;  it  is 
shorter  in  the  small  Felines.  The  crura  of  the  incus  are  short 
and  subequal;  the  l)ody  of  the  malleus  is  broad  and  long;  its 
handle  of  moderate  length,  and,  in  some,  terminally  expanded. 
The  conch  is  short,  usually  roundetl,  broad  and  widely  open  ; 
relatively  largest  in  the  smaller  sj)ecies  ; and  distinguished  in  the 
Ivnxes  by  the  apical  tuft  of  long  hairs. 

The  otosteals  in  Quiulrumana,  fig.  177,  quickly  approximate  to 
the  characters  of  those  in  Man,  ib..  Homo:  the  stapes  in  Chiromys 
has  a shorter  and  broailer  summit ; its  base  is  firmly  wedged  into 
the  foramen  ovale.  With  the  other  otosteals  it  is  proportionally 
larger  than  in  true  lemurs,  bearing  relation  to  the  great  develop- 
ment of  the  outer  ears.  These  are  large  in  all  Lemuridee-  the 
tragus  and  antitragus  are  well  marked  in  Stenops,  but  instead  of 
antbelix  there  are  two  prominent  and  subparallel  plates.  The 
vestibule  is  shorter,  and  the  cochlea  closer  to  the  semicircular 
canals  in  the  Aye-aye  than  in  Alan.  In  the  I.emurida  the  com- 
mencement of  the  cochlea  is  wide,  and  its  axis  is  parallel  with  a 
line  drawn  from  the  fore  end  of  the  ampulla  of  the  u[)|)er  semi- 


Digilized  by  Google 


23C 


ANATOMY  OF  VERTEBRATES. 


cirfular  ranal,  and  meeting  the  latter  just  before  its  jnnctinn 
with  the  hinder  semicircular  canal.  The  stapes  in  lemurs  is  a 
more  equilateral  triangle,  and  the  perforation  is  less  than  in 
inonkevs : the  incus  ha.s  a longer  and  larger  body  in  proportion 
to  its  crura:  the  malleus  has  a shorter  process,  fig.  177,  A. 

In  Cebidff,  ib.  B,  the  sta|>es  gains  in  length,  but  not  much  in 
vacuity:  the  crura  of  the  incus  are  still  short,  and  the  extcnsioii.s 


i;: 
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0(n4iml»,  g«jMlrumAi>A  and  Man. 


«>f  the  malleus  are  short  in  proportion  to  the  mass  articulating 
with  the  incus.  The  tympanum  is  large ; the  external  meatus 
short  and  very  wide.  In  eatarrhine  monkeys,  ib.  c (Cereopi- 
IhiTHs  sabteus)  and  in  apes  a nearer  approach  is  made  to  the 
pro|)ortions  and  shapes  of  the  human  otosteals. 

There  is  a wider  range  of  diversity  in  the  external  ear  than  in 
the  more  essential  p.artsof  the  organ.  In  the  nocturnal  Aye-aye, 
in  which  the  conch  is  relatively  largest,  there  is  a beginning  of 
the  helix  alM)ve  the  mcatal  fi>ssa,  but  the  rest  of  the  margin  is 
thin  and  unfoldeil : the  tragus  is  not  very  prominent,  the  anti- 
tnigus  is  better  marked:  alow  fold  represents  the  ‘ lower  crus  ’ 


of  the  anthclix,  the  upper  one  and  the  rest  of  that  fold  arc 
wanting.  It  is  only  in  the  ornngs  and  chimpanzees  that  the 
parts  defined  in  the  human  auricle  arc  representetl.  The  free 
margin  is  reflected  to  form  a ‘ helix,’  but  not  to  the  same  degree 
as  in  Man:  the  ‘ anthclix,’ beginning  alx>ve  with  both  ‘ iipjter’ 
and  ‘ lower  ’ crus,  i.s  continued  to  the  antitragiis  ; both  scaphoid 
navicular  fossae  are  defined,  as  well  as  the  cavity  of  the  concha 
and  the  tragus:  the  lobulus  i.s  not  pendant  as  in  Man,  In  the 
chimimnzec  ( Trn(jlo<h/tf$  »iper)  the  external  car  is  larger  abso- 
lutely than  in  the  great  gorilla  (^Troghdi/trit  (worilla). 

In  all  the  figures  of  the  otosteals  previously  given  the  sta|>cs  is 
drawn  at  right  angles  to  its  natural  position,  in  which  only  a fore- 
shortened view  of  the  Iwinc  could  be  had,  as  in  fig.  178,  where  it 


^ is  shown  with  its  biisc  a applic<l  to  the  ‘ fenestra  ’ of  the  vestibule. 
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Of  the  three  semicircular  canals  the  shortest,  e,  has  a nearly  hori- 
zontal position  : the  other  two  arc  more  vertical : the  np]>cr  one 
rises  at  the  convexity  of  its  curve,  </,  above  the  level  of  the  upper 
sui-facc  of  the  petrosal : it  is  that  which,  with  its  arch-area,  is 
most  free  in  many  lower  Mammals.  The  lower  vertical  canal,  e, 
unites  by  its  upper  extre-  178 

inity  with  the  contiguous 
one  at  / ; the  common 
o]iening  of  which  is  shown 
at  rn,  tig.  163.  Each  of 
the  semicircular  canals  ex- 
])ands  at  one  extremity  ; 
but  this  is  more  marked 
in  the  membranous  canals, 
fig.  165,  where  the  dilata- 
tions, a,  b,  c,  are  termed 
‘ ainpullie  : ’ the  bony  ca- 
nals are  wider  in  iiropor- 

. , I Ot»poua  Ubyriiitli  Silt]  utostraU.  Uum&n : xo'itt". 

tiun  to  the  membranous 

ones  in  Man  than  in  most  Mammals,  and  consequently  the  peri- 
lymph is  more  abundant, 
sents  the  osseous  labyrinth 
laid  open,  with  the  mem- 
branous labyrinth  in  situ 
of  the  human  ear.  Of  the 
latter  the  part  occupying 
the  vestibule  is  divided 
into  the  ‘ common  sinus,’ 

I,  and  the  ‘ sacculus,’ / ; 
each  contains  a ma.ss  of 
otolithic  ]K)wder,  k,  m,  re- 
ceiving filaments  of  the 
acoustic  nerve : other 

brushes  of  nerve  filaments 
go 'to  the  ampullary  ends 
of  the  semicircular  canals : 
the  opposite  non-dilatcd 
ends  communicate  with 
the  ‘ common  sinus  ’ either 
singly,  at  h,  or  by  the 
conjoint  termination  g. 

The  different  positions  of 
the  three  canals  and  the  different  directions  in  which  their 


This  is  seen  in  fig.  179,  which  repre- 
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respective  waves  of  sound  must  strike  upon  the  rich  supply  ot 
nerves  at  the  ampullary  ends,  may  have  relation  to  the  power 

of  appreciating  the  locality  of 
the  source  of  sound,  or  the  tli- 
rection  in  which  it  arrives.  The 
branch,  fig.  180,  g,  to  the  ‘ com- 
mon sinus  ’ spreads  thereon  in  a 
radiated  expanse : the  branches, 
o,  p,  to  the  ampulla!  of  the 
up]!er,  a,  and  horizontal,  b, 
ciinals,  form  a bifurcate  enlarge- 
ment,/*,upon  their  outer  surface. 
When  the  ampulla  is  laid  open, 
as  in  fig.  181,  the  nervous  fork 
is  seen  to  protrude  and  push 
a slightly  curved  eminence 


in 


Kervci  of  •nipullir  itnd  ‘ »iiiuit  communU  f niaKn. 
nuiuaD.  xcix~. 


of  the  membrane,  ib.  A,  upon 
which  and  the  adjacent  part  of  the  ampulla  the  delicate  ner- 
vous fibres  resolve  them- 
selves into  a kind  of  retinal 
pulp,  ib.  c. 

The  septal  plate  of  the 
cochlea  has  lent  itself  to  a 
more  favourable  or  distinct 
view  of  the  termination  of 
the  acoustic  fibrils.  Fig.  182 
shows  the  cochlear  nerve, 
isolated.  If  a small  bit  of  the  spiral  jdate,  fig.  183,  A,  be  magni- 
fied, as  at  B,  the  filaments,  b,  are  seen,  as  they  diverge  upon 

the  osseous  part,  to  sub- 
side or  flatten  on  aj>- 
jiroaching  the  middle 
tract,  and  there  to  anas- 
tomose in  loops,  c ; the 
neurilemma,  rf,  being 
continued  on  to  blend 
with  the  membranous 
part  of  the  spiral  jdatc. 

The  human  tympanic 
cavity, fig.  184, is  formed 
by  the  petrosal,  the  mas- 
toid, and  the  tympanic 
l)one:  in  the  dry  skull ’t 
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communicatee  with  the  labyrinth  by  the  foramen  ovale,  h,  and  fora- 
men rotundum,  c ; with  the  exterior  of  the  cranium  by  the  foramen 

auditorium  externum : 
but  all  these  apertures 
are  closed  by  membrane 
in  the  recent  state.  The 
other  communications  arc 
with  the  breathing  pass- 
age, back  of  the  nose,  or 
pharynx,  by  the  eusta- 
chian  tube,  fig.  167,  a, 
b,  c,  whereby  air  is  con- 
veyed into  the  tympa- 
num, and  thence  passes 
into  the  mastoid  cells. 
On  the  petrosal  wall  of 

Terntluatlon  of  rochlrar  n^rve,  more  Ijlghly  nin«n.  the  tympanic  Cavity  18 

(A.  uat.  .lie),  xcvi  ■.  specified  the  ‘ promon- 

tory,’ a,  between  the  openings,  b,  c,  the  pyramid,  d,  the  eminence 
of  the  ‘ fallopian  aqueduct,’  e,  and  the  groove,  f,  for  the  internal 
ligament  of  the  malleus. 

The  movements  of  the  membrane  closing  the  foramen  ovale,  b, 


Tlie  Diier  waII  of  tbc  tjroipafiuni.  xern".  ftiavnoMl  and  lympaiilc  bone  with  the 

ini'iubrmue.  Homan  fcetui.  xcTti". 


are  brought  into  relation  with  those  of  tlie  membrane  closing  the 
outer  auditory  opening  by  the  chain  of  ossicles  called  ‘ otostcals.’ 
The  ‘ membrana  tympani  ’ is  fixed  in  a groove  of  a bony  frame 
which  is  BO  far  ossified  as  to  form  an  incomplete  ring,  at  the  third 
month  of  human  foetal  life ; at  the  sixth  month  it  begins  to  coa- 
lesce with  the  squamosal,  fig.  185,  and  then  to  grow  outward, 
forming  the  wall  of  the  bottom  of  the  auditory  meatus,  fig.  188,  ff, 
the  lower  part  of  which  is  the  last  to  be  completed.  The  drum, 
fig.  186,  consists  of  a ‘proper  membrane,’  with  an  inner  layer 
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contributed  by  tbc  lining  <if  tbe  tyni|>!iniiin,  and  an  outer  layer  by 
that  of  tbe  auditory  |m.«sage.  The  |»roper  ineinbrane,  moreover, 

is  divisible  into  two  layers,  an  outer  one 
consisting  of  fibres  radiating  from  near 
the  centre,  and  an  inner,  thicker,  less 
distinctly  fibrous  layer,  but  indicative 
of  a contrary  dis|M>sition  of  such  fibres. 
The  conspicuous  radiating  fibres  pass 
from  the  circumference  of  the  mem- 
brane to  be  fixed  to  the  handle  of  the  malleus.  They  show  no 
characters  of  voluntary  muscular  fibre. 

AnthrojKJtomy  distinguishes  the  following  j)arts  of  the  otos- 
teals:  — in  the  hammer,  ‘ malleus,  ’ fis-  16fi,  A ; a,  head;  b,  arti- 
cidar  surface  (adajited  to  b of  the  incus);  c,  neck  ; d,  handle; 
e,  short  process;  f,  long  process:  this  latter  is  the  most  con- 
stant, and  is  called  simj)ly  the  ‘ j)roce.ss’  in  comparative  anatomy  ; 
sometimes  also  ‘ Kail's  process,’  from  the  dcscribcr  of  its  true 
shape  and  flattened  end  in  Man  : in  the  anvil,  ‘ incus,’  n ; «,  bisly  ; 
b,  articular  surface ; c,  .short  crus  ; r/,  long  crus ; c,  lenticular 
jiroccss,  epijthysis,or  ossicle  : in  the  stirrup,  ‘ stapes,’  i> ; «,  head  ; 
b,  neck ; c,  anterior  crus  ; <1,  jiostcrior  crus ; 1>,  the  biuse.  The 
head  of  the  malleus  is  IcKlged  in  the  roof  of  the  tympanum  alxnc 
the  upjicr  margin  of  the  membrane,  and  sends  its  ‘ handle  ’ down 
to  near  its  centre,  as  seen  from  without  at  u,  from  within  at  b, 
fig.  186.  The  body  of  tlm  incus  lies  in  the  i^jier  and  back  jiart 
of  the  tympanum;  its  articular  surface  is  directed  forward,  the 
joint  with  the  malleus  being  a synmial  one,  with  articular  car- 
tilage and  a fibrous  capsule:  the  short  crus  is  directed  backward 
towards  the  mastoid  cells;  the  long  crus  descends  almost  jiarallel 
with  the  handle  of  the  malleus,  to  articulate  by  means  of  the 
lenticular  process  with  the  head  of  the  st.apcs,  fig.  178. 

Savart’s  experiments  ' show  that  the  malleus  jiarticipates  in  the 
osi-illations  of  the  tympanic  membrane;  that  they  are  |)ropagatcd 
to  the  incus  and  stapes,  and  thus  to  the  membraue  of  the  fenestra 
ovalis.  Two  muscles,  probably  subserving  volitional  im|)ulse 
through  their  jiniper  nervous  supply,  act  uiiou  the  otosteals  ; and 
from  vibrations  of  the  drum-membrane  to  which  tho.se  bones  are 
attached,  they  may  be  excited  to  act,  also,  automatically.  'I'he 
‘ miisculus  internus  mallei,’ or  ‘ tensor  tympani,’  fig.  167,  c,  arises 
from  the  eustachian  jirocess  of  the  alisphenoid,  and  from  a grinive 
ill  the  bony  jiart  of  the  eustachian  tube,  and  passing  backward 
forms  a slender  tendon,  which  enters  the  tyinpaniim,  bending  at 

' c". 
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nearly  a right  angle,  and  is  inserted  intu  the  handle  of  the  malleus 
below  the  long  process.  By  the  action  of  this  muscle  the  handle 
is  drawn  inward  and  forward,  and  the  membrane  attached  to  the 
handle  is  also  drawn  inward  and  is  stretched.  Besides  the  tension 
to  which  the  membrana  tympani  is  thus  subjected,  the  base  of  the 
stapes  is  forced  against  the  vestibular  fenestra  in  consefiuence  of 
the  movement  communicated  by  the  head  of  the  malleus  to  the 
incus,  which  tends  to  press  inward  the  long  extremity  of  the 
latter.  The  second  muscle  is  the  ‘ stapidcus,’ fig.  167,_/':  it  arises 
trom  a gr<M>ve  in  the  ‘ pyramid,’ fig.  184,  c/:  it  is  insertetl  into  the 
|*ostcrior  and  upper  p.art  of  the  head  of  the  sta[>es  by  a slender 
tendon,  which  issues  by  the  aperture  in  the  summit  of  the  pyramid, 
and  proceeds  downward  and  forward  to  its  termination. 

The  first  effect  of  the  action  of  this  muscle  will  be  to  press  the 
posterior  jiart  of  the  base  of  the  sta]>es  against  the  vestibular 
fenestra : at  the  same  time  the  long  branch  of  the  incus  will  be 
drawn  backwanl  and  inward,  and  the  head  of  the  malleus  being, 
by  this  movement  of  the  incus,  pressed  forward  and  outward,  its 
handle  will  be  carried  inward,  and  the  membrana  tympani  thus 
put  on  the  stretch.  On  tlie  other  hand,  the  contraction  of  the 
•tensor  tympani  ’ depresses  the  stapes  and  increases  the  tension 
of  the  fenestral  membrane.  The  cessation  of  muscular  action 
restores  all  the  vibratile  membranes  to  their  state  of  indifference. 
The  incus,  by  its  firm  connection  with  the  ma^stoid  cells,  its  inter- 
mediate position,  and  having  no  muscle  inserted  into  it,  must  be 
more  limited  in  motion  than  the  other  two  bones. 

The  stapideus  muscle  receives  a nervous  filament  from  the  facial 
nerve.  The  tendinous  insertion  of  the  sta{*csis  usually  the  seat  of 
•ossification.  These  muscles  have  no  homologues  in  Vertebrates 
•levoid  of  tympanum  and  tympanic  membrane  ; they  are  as  purely 
independent  and  superadded  parts  of  the  mechanism  of  that  ad- 
vance of  the  auditory  organ,  in  ^lamraals,  as  are  the  ossicles  they 
move. 

The  cartilage  described  by  Meckel,  and  representing  the  man- 
dibular haemal  arch  in  the  embryo-skull,  from  the  fibrous  sheath 
of  which  are  developed  the  ‘ tympanic  ’ at  the  upper  and  outer 
jjart  and  the  mandible  at  the  lower  and  outer  part,  has  no  such 
relation  of  a mould  to  the  malleus.  This  ossicle,  starting  as  a 
wart-like  prominence  from  the  wall  of  the  tympanic  carity,  is 
precociously  develoj»e<l  on  the  inner  side  of  Meckel’s  cartilage, 
early  showing  its  long  pnK-ess  above  and  •piite  distinct  from  that 
cartilage  or  its  capsule.  The  short  crus  of  the  ‘ incus  ’ ha.s  the 
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same  accidental  relation  to  the  eiiiliryonal,  cartilaginous,  hyoidean, 
haemal  arch  described  by  Iliischkc'  as  extending  from  the  mastoid 
nr  ]4ctro-mastoid  to  the  upper  or  short  horn  of  the  hyoid  Ccerato- 
hyal),  and  from  the  outer  part  of  the  capsule  of  which  cartilage  the 
styloid  process  (stylo-hyal)  is  ossified.  The  8ta])es  first  ajipears 
as  a compressed  pyramidal  wart  from  the  petrosal  or  inner  wall  of 
the  tympanum,  projecting  from  a depression  the  bottom  of  which 
becomes  the  fenestra  vestihuli : the  malleus,  according  to  Rathke 
and  Valentin,*  jirojects,  somewhat  earlier,  as  a small  wart  from 
the  back  wall  of  the  tympanum.  Ossification  begins  first  in  the 
malleal  wart  by  a point  at  the  head,  and  by  a second  at  the  root 
of  the  long  process.  According  to  Meckel,  the  rudiment  of  the 
stapes  has  grown,  at  the  third  month  of  the  human  fietns,  to  a 
cartilage  representing  both  stapes  and  incus,  like  the  columella 
of  Oriparw.  as  such  it  is  ossified  in  the  Oniithorhyuchus.  The 
ossification  of  the  columella  begins  first  in  the  ‘ incudeal  ’ part, 
extending  along  the  long  crus  toward  the  stajRis,  which  is  subse- 
(juently  ossified,  according  to  Rathke,*  from  three  nuclei,  one  for 
each  crus  and  one  for  the  base.  As  reganls  the  vacuity,  it  dws 
not  exist  in  the  cartilage,  but  is  jiroduced  by  the  modelling  absoq>- 
tion  in  the  course  of  the  ossification,  transitorily  representing  the 
characters  shown  in  the  porjioise,  seal,  and  hear.  Abnormal 
arrests  of  dcvelojuncnt  of  the  stapes  in  the  human  subject  have 
been  found  to  represent  the  imperforate  avian  columella  and  most 
of  the  above-citctl  mammalian  conditions  of  the  8ta|)es. 

The  memhrauc  lining  the  tympanum,  fig.  187,  a,  invests  the 
small  Imnes  and  the  tendons  of  their  muscles  where  they  run  free 
in  the  cavity.  A fold  of  it  fills  up  the 
s])ace  bounded  by  the  crura  and  base  of  the 
stapes.  The  chorda  tympani,  also,  in  its 
passage  across  the  tym|ianum,  is  envelopcsl 
hj-  it.  ljastly,it  forms  the  inner  born>wed 
layer  of  the  memhrana  tympani,  covering 
aiul  adhering  closely  to  the  handle  of  the 
malleus. 

The  nerve  called  ‘ chorda  tympani,'  fig. 
ait*l  'chord*  187,  c,  is  continuous,  ns  shown  at  p.  157. 

fig.  i:i2,  with  the  facial  and  sii|>erficial 

]ietrosal  nerves:  it  leaves  the  facial  before  the  exit  of  the  latter 
hv  the  sfvlo-mnstoid  foramen,  a.scends  in  its  own  osseous  canal, 
ciitei-s  the  tympanic  cavity,  crossing  the  inner  side  of  the  tympanic 
Imiiic,  as  in  l)inls,  advances  between  the  handle  of  the  malleus  and 
‘ ’ fXMl\  P 211.  ■ cxi.in",  p.  120. 
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long  crus  of  the  incus,  and  descending  to  the  ‘ iissura  Glasseri,’ 
makes  its  exit  by  the  contiguous  canal  and  foramen,  descending 
mesiad  of  the  ascending  mandibular  ramus  to  join  the  lingual  nerve. 
Within  the  tympanum  it  receives  filaments  from  the  tympanic 
branch  of  the  trigeminal.  The  facial  nerve  gives  a branch  to  the 
stapideus  muscle.  From  a ganglion  of  the  pneumoga.stric  is  sent 
off  the  ‘ramus  auricularis,’  which  is  joined  by  a filament  from  the 
glosso-pharyngcal,  and  is  conducted  by  a groove  in  the  jugular 
fossa  to  the  ‘ aqueduct  of  Fallopius : ’ here  filaments  are  sent  to 
join  the  facial,  and  one  to  the  nerves  of  the  meatus  and  ear-conch. 
The  tympanic  nerve  derived  from  the  ‘petrous’  and  ‘otic’ 
ganglia,  enters  the  tympanum  near  the  anterior  margin  of  the 
‘ fenestra  rotunda,’  traverses  the  groove  on  the  promontory,  and, 
near  the  ‘ fenestra  vestibuli,’  enters  the  osseous  canal  which  leads 
to  the  surface  of  the  petrosal  in  front  of  the  ‘ hiatus  Fallopii,’  and 
passes  to  the  otic  ganglion.  From  this  gan- 
glion  a nerve  is  sent  to  the  tensor  tympani.  , 

The  ‘ meatus  auditorius  externus,’  fig.  ^ 

188,  is  formed  by  bone,  g,  for  a short  \\  Ifli 

extent  from  the  drum-membrane,  k,  is  i' 

chiefly  cartilaginous  in  the  rest  of  its  extent,  M l 

but  IS  membranous  above  and  behind,  and  k 

there  perforated  by  the  orifices  of  the  ceru- 
niinous  follicles,  o,  p.  The  canal  has  an  F 

oval  area,  is  about  an  inch  and  a quarter  in  | ‘ 

length,  and  is  lined  by  a continuation  of  the 
8Kin  of  ihe  auricle.  1 his  skin  becomes  more  t..r)  i«HaRtf.  inKnui«iiu>mMriui 
delicate  as  it  approaches  the  osseous  part  *-«icrnu.).  icmm  . 
of  the  passage — extremely  so  where  it  is  continuetl  on  the 
outer  surface  of  the  membrana  tympani.  The  skin  of  the 
auditory  passage  is  covered  with  fine  hairs,  and  these  become 
developed  at  the  outlet  into  long  defensive  cilia  or  ear-lashes. 
The  ‘ glandulae  ceruminosw  ’ are  small  round  or  oval  bodies  of 
a brownish-yellow  colour,  and  very  vascular.  They  arc  im- 
bedded in  the  areolas  presented  by  the  dense  cellular  ti.ssne 
which  connects  the  skin  of  the  auditory  jiassage  to  the  subjacent 
cartilage  or  bone.  The  ear-wa.x,  cernmni,  is,  as  is  known,  a 
thick  orange-coloure<l  or  yellowish-brown  viscid  substance,  of  an 
extremely  bitter  taste,  and  somewhat  aromatic  odour.  When 
first  secreteil,  it  is  a thin,  yellowish,  milky  fluid.  It  is  an  accessory 
defence  against  the  entry  of  insects  into  the  meatus.  The  ear- 
drum closes  the  meatus  obliquely  from  above  downward  and 
inward  ; the  bony  part,  7,  of  the  meatus  forms  a gentle  curve. 
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Lrfi  i^r,  aiirit  or  * pinna,* 
Uunjaii.  xo'iii". 


convex  upwartl  : the  inembraiio-cartilaginoiis  continuation,;?,  o, /i, 
describes  a stri.nger  curve,  concave  ujnvard,  and  this  expands 
into  the  concha,  c,  of  the  ‘ ])inna,’  auricle,  or 
external  car.  Of  this  it  will  be  only  requi- 
site to  indicate  the  parts  which  have  received 
names  in  anthropotoiny,  since  extende<l  to 
anatomy  generally.  The  fold  or  reflected 
outer  margin,  fig.  189,  a — e,  is  the  ‘helix;’ 
the  suhparallel  eminence  within,  h,  h,  is  the 
‘anthelix:’  it  is  formed  by  the  junction,  at 
A,  of  the  ‘ upper  ridge,’/',  and  the  lower  ridge, 
(/,  intercepting  the  ‘ navicular  fossa,’  o.  The 
])i\)iuinence,  m,  which  might  bo  viewed  as  the 
lower  end  of  the  anthelix,  is  called  ‘ antitragus,’ 
being  opposite  the  projection  called  ‘ tragus,’  /, 
which  more  directly  defends  the  entry,  r,  to  the  meatus:  y is  the 
‘ conch  ’ proper,  or  cavity  of  the  concha : finally  is  the  appendage 
19Q  called  ‘ lobule,’  n.  With  the 

exception  of  the  latter,  all  the 
other  parts  of  the  auricle  are 
more  or  less  formed  by  cartilage, 
figs.  191,  192,  in  which,  be- 
sides the  prominences  already 
named,  there  may  be  observed 
the  fissure,  e,  between  the 
tragus  and  the  beginning  of 
the  meatal  cartilage.  The  skin 
covering  the  cartilage  of  the 
ear  adheres  intimately  to  its 
sculptured  surface,  less  so  to  its 
back  and  circumference : the 
lower  part  of  the  hem-like  fold 
of  the  helix  is  formed  entirely 
by  it ; also  tbe  lobule,  as  has 
been  already  said.  The  skin 
of  the  auricle  contains  a num- 
ber of  sebaceous  follicles,  j?ar- 
ticularly  in  the  concha  and 
around  the  entrance  of  the  au- 
dihiry  j)assage.  Toward  this 
the  channels  and  inequalities  of  the  car  tend  ultimately  to  convey 
the  vibrations  of  sound. 

But  pale  and  feeble  representatives  of  the  auricular  muscles 


Auricular  cariilaHi*  fniiit  iM-litml.  and  cxtrliitic 
muacltra.  xxriu*\ 
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are  met  with  in  the  dissection  of  Europeans.  Tlie  ‘ attollcns 
auriculx  ’ is  the  largest,  fig.  190,  a,  arising  from  the  epicranial 
a[K)neuro8is ; its  fibres  converge  to  be  inserteil  in  the  surface  of 
the  ear-cartilage  next  the  head.  The  ‘ retrahens  auricula;,’  ib. 
c,  d,  consists  of  two  or  three  fascicles  arising  from  the  mastoid 
and  inserted  into  the  back  of  the  conch.  The  ‘ attrahens  auriculae,’ 
ib.  b,  arises  from  the  zygoma,  and  is  inserted  by  a broad  but 
short  tendon  into  the  helix  near  the  tragus.  Five  groups  of 
fibres  have  been  made  out  in  the  auricle  itself,  and  are  described 
as  the  ‘intrinsic  muscles.’  The  ‘ helical  is  major,’  fig.  191,  a ; 
the  ‘ helicalis  minor,’  ib.  c ; the  ‘ tragicus,’  ib.  d ; the  antitragicus,' 
ib.  e,  and  the  ‘ transversalis  auricul®,’  fig.  192,  a. 

All  these  muscles  of  the  human  external  ear  exemplify  the 
Lamarckian  law  of  degeneration  from  disuse.  In  the  primitive 


191 


l^runc  rtew  of  Auricular  cArtilaire,  aiiil  Intrliiatc 
muacloA.  xcvtii". 


192 


nack  view  of  AiirlrtiUr  curtllago  and 
iranftvcraall*  inuacle.  xcviii". 


men  of  the  ‘ stone-period,’  they  probably  existed  in  normal  size 
and  force. 

In  thus  concluding  the  comparative  anatomy  of  the  organ  of 
hearing,  it  has  to  be  owned  that,  hitherto,  the  experiments  of  the 
accomplished  and  ingenious  physicists  and  physiologists  to  that 
end  have  failed  to  demonstrate  the  relations  of  the  various 
exquisite  structures  to  sound,  in  the  satisfactory  way  in  which 
those  of  the  eye  are  understood  to  relate  to  light.  The  vesti- 
bular part  of  the  labyrinth  may  be  inferred  to  detect  the  presence 
and  intensity  of  sound,  especially  as  conveyed  through  the 
external  ear  and  tympanum.  It  has  been  conjectured  and  argued 
that  the  semicircular  canals  are  concerned  in  forming  a judg- 
ment of  the  direction  of  sounds.  The  cochlea  receives  those 
sounds  which  are  propagated  through  the  bones  of  the  head,  and 
is  conjectured  to  be  the  medium  of  the  perception  of  the  pitch  of 
notes,  and  of  the  timbre  or  quality  of  sounds.  The  tympanum 
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affords  a non-reciprocating  cavity  for  the  free  vibration  of  its 
mcnibranc  and  of  the  otosteals : it  also  renders  the  labyrinth 
independent  of  atmospheric  vicissitudes.  The  otosteals  conduct 
vibrations  from  the  tympanic  membrane  to  the  vestibular  one, 
and,  under  the  influence  of  the  muscles,  regulate  the  tension  of 
both  these  and  of  the  cochlear  fenestra,  so  as  to  protect  the  ear 
against  the  effects  of  sounds  of  great  intensity.  The  external 
ear  and  meatus  are  collectors  and  conductors  of  vibrations,  and 
the  former  assists  in  enabling  us  to  judge  of  the  direction  of 
sounds. 

§217.  On/an  of  Sight. — A.  Eyeball.  The  organ  of  sight, 
like  that  of  smell,  is  wanting  in  a few  Mammals,  the  eyeball 
beinst  reduced  to  tlie  size  and  condition  of  the  ‘ ocellus  ’ in  Am- 
blyopsis,  and  to  its  sim|)le  primitive  office  of  taking  cognisance 
of  light,  a filament  of  the  fifth  aiding  the  remnant  of  a proper 
o]»tio  nerve.  The  moles,  especially  the  Italian  kind,  Talpa 
ctTca,  and  mole-rats,  exemplify  this  condition,  in  which,  as  in 


Spalax  typhlux,  the  skin  passes  over  the  ocellus  without  any  pal- 
jicbral  opening,  or  loss  of  hair.  The  eyeballs  are  very  small  in 
the  allied  genus  Jiathyeryus,  fig.  174,  and  other  rodent  bur- 
rowers  ; they  ac-(juire  the  largest  absolute  and  projx*rtional  size  in 
the  Ruminant  order.  In  no  Mammal  is  bone  developed  in  the 

sclerotic : in  most  a special  ca- 
„ vity,  called ‘orbit,’  is  fashioned 


rt 

DUgrxtncniUc  *«ctli>n  uf  MunmilUa  eye. 


in  the  facial  part  of  the  skull  to 
give  lodgment  to  the  eye-ball. 
One  sees  least  indication  of  it 
in  the  blind  quadrupeds  above 
noted  and  in  the  ant-eaters : it 
is  deepest,  best  defined,  and 
most  completely  walled  in  Man. 

In  all  Mammals  with  the  eye 
developed  for  sight,  properly 
so  called,  we  recognise,  as  in  the 
diagrammatic  section,  fig.  193, 
the  fibrous  capsule,  a,  called 
‘ sclerotic  coat,’  the  transparent 
fore  part,  b,  called  ‘ cornea ;’  the  vascular  tunic,  c,  called  ‘ choroid 


coat,’  becoming  thickened,  atd,  by  the  so-called  ‘ ciliary  ligament,’ 
from  which  the  ‘ ciliary  processes  ’ are,  as  it  were,  reflected  back- 


ward u|K)n  the  capsule  of  the  lens,/:  while  the  movable  curtain. 


or  ‘ iris,’  is  continued  onward  into  the  space  between  b and  /, 
leaving  a central  opening,  called  ‘pupil,’  for  the  admission  of 
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light.  The  choroid,  c,  Ls  line<l  by  the  expansion  of  the  optic  nerve 
calletl  ‘ retina,’  which  extends  to  the  ‘ ciliary  processes,'  and  is 
kept  out.«tretche«l  by  the  ‘ vitretnis  humour  ’ contained  in  the 
cells  of  the  delicate  membrane  called  ‘ hyaloid,’  which  restrains 
its  forward  advance  beyond  the  ‘ crystalline  humour  ’ or  lens,  /. 
The  space  in  fn>nt  of  this  Ixtdy  is  occupied  by  the  ‘ aqueous 
humour,’  and  is  divided  by  the  iris  into  an  ‘ anterior  ’ and  ‘ j)os- 
terior  chamber.’ 

The  rays  of  light  admitted  by  the  cornea  and  pupil  are 
.slightly  refracted  in  traversing  the  aqueous  humour,  and  are  sub- 
ject to  a greater  degree  of  convergence  in  pa.ssing  through  the 


194 


denser  lens,  fig.  194  ; when,  striking  the  retina  at  the  back  of 
the  globe,  they  there  depict  the  image  of  the  visual  object,  in- 
verted. 

In  crepuscular  and  nocturnal  ^fammals  {Pleromi/s,  Aye-aye, 
Lemur)  the  cornea  gains  in  size  and  conve.xity  and  the  iris  in 
breadth  ; the  latter  being  capable  of  admitting  many  rays  through 
a very  wide  pupil,  which  also  it  can  completely  close  again.st  the 
glare  of  noontide.  The  convexity  of  the  lens  is  concomitantly 
increa.sed,  and  it  approaches  the  spherical  form  most  nearly,  in 
bats  and  nocturnal  rodents.  The  vitreous  humour  is  less  in  pro- 
portion t<i  the  crystalline  and  aqueous  humours  in  such  eyes.  In 
aquatic  Mammals,  on  the  contrary,  the  cornea  hanlly  pnijects 
(seals,  whales),  and  there  is  little  aqueous  humour  ; here,  also,  the 
convexity  of  the  lens  is  in  excess,  fig.  195,  d.  In  most  diurnal 
and  terrestrial  mammals,  the  eyeball  is  subspherical,  the  cornea 
slightly  projecting  at  the  fore  i>art,  as  forming  part  of  a smaller 
sphere  than  the  rest  of  the  globe.  The  lens  retains  much  of  the 
pro|>ortion8  shown  in  fig.  194. 
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In  the  Ornithorhi/nchus  the  eyeball  is  small  and  spherical; 
the  sclerotic  fibro-oartilaginous,  the  cornea  flabby,  the  retina 
thick : there  is  no  trace  of  pecten  or  marsnpium : the  lens  is  two 
lines  in  transverse  diameter,  one  line  in  antero-posterior  diameter ; 
the  anterior  surface  is  nearly  flat,  the  posterior  very  convex. 
The  choroid  is  black,  without  a tapetum  luciduin ; the  pupil  is 
circular. 

The  anatomy  of  the  eye  offers  no  peculiarity  illustrative  of  the 
affinities  of  the  Marsupialia  or  of  any  other  speciality  in  their 
economy  save  the  nocturnal  habits  of  the  majority  of  the  order. 
It  is  in  relation  to  these  habits  that  the  lens  is  large  and  convex, 
the  iris  broad,  the  pupil  round  and  very  dilatable,  and  the  cornea 
correspondingly  large.  The  eye  is  relatively  large  in  the  swift- 
moving,  far-ranging  Kangaroos : I found  the  dark  pigment  on 
both  the  inside  and  outside  of  the  choroid ; the  ciliary  prenresses 
are  long : the  lens  is  pro]Kirtionally  large.  In  the  deatl  Kan- 
garoo the  radiated  muscle  of  the  iris  is  much  contracted,  and  the 
pupil  widely  open.  The  eye  is  small  in  DuMphis  virginiana ; 
the  pupil  is  round : the  lens  very  convex. 

The  Insectimra  have  small  eyes:  the  moles  least  of  all.  In  a 
great  pipc-toothe<l  shrew  (.So/p/iorfow)  one  foot  in  length,  exclusive 
of  tail,  the  palpebral  opening  does  not  exceed  three  lines,  and 
there  is  no  distinction  between  orbit  and  temporal  fossa.  Bats 
have  the  smallest  eyes  of  all  volant  Vertebrates.  In  Rixlcnts 
the  size  of  the  eyeball  bears  relation  to  the  extent  and  swiftness 
of  locomotion,  and  is  greatest  in  Jerbuid<e  and  J.rporidfF.  The 
position  of  the  eyes  is  always  lateral,  and  by  the  prominence  of 
the  cornea  they  arc  sust:ejitible  in  these  timid  quadrupeds  of  re- 
ceiving the  image  of  a jmrsuer.  In  the  hare  and  other  nxlents 
the  retina  seems  to  expand  from  the  divisions  of  a cleft  termina- 
tion of  the  oj)tic  nerve,  within  the  eyeball.  The  pupil  is  round 
in  most  Kmlents  : in  a de.ad  Agouti  it  was  a horizontal  elli]>se. 
In  the  squirrel  the  antc-retral  diameter  of  the  eyeball  is  to  the 
transverse  ns  11  to  12:  in  the  hare  it  is  as  2.1  to  25.'  In  all 
the  order  llrntn  the  eyes  are  relatively  small : in  the  sloths  the 
contracted  pupil  is  a vertical  slit. 

In  Cetnera  the  eyes  arc  small,  cs|»ecially  in  relation  to  the 
bulk  of  the  larger  kinds : and  the  es.sential  part  of  the  organ  is 
still  less,  owing  to  the  thickness  of  the  sclerotic,  fig.  195,  n,  «, 
and  this  increases  from  the  cornea,  h,  backward  to  the  long, 

’ A table  oflhcac  ilimenaions  of  ihi;  eye  in  dlScrcnt  Virtcbralcs  will  be  found  in 
XU.  iii.  p.  .190  i alto  in  cvi". 
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infundibular  canal  for  the  optic  nerve,/.  Outwardly  the  eye- 
hall  is  sub^pherical ; but,  in  the  section  figured,  the  contour  of 
the  cavity  containing  the  vitreous  humour,  r,  and  lens,  d,  presents 
an  ellipse,  with  the  long  axis  transverse : in  a Baltenoptera  of  65 
feet  in  length,  this  axis  measured  2^  inches,  and  the  shorter  axis 
2 inches : the  posterior  curve  is  regular  ; but,  toward  the  cornea, 
the  sclerotic  turns  in  quickly,  c, 
flattening  the  fore  part  of  the  eye : 
the  distance  between  the  fore  part 
of  the  sclerotic  and  the  bottom  of 
the  eye  being  but  inches.  In 
shape  the  cornea  is  a longer  ellipse 
than  the  eyeball,  and  the  upper 
border  is  more  curved  than  the 
lower : it  is  thinner  at  the  centre 
than  the  circumference,  and  is  soft 
and  flaccid  in  the  dead  whale.  The 
choroid  has  a silvery  or  bluish 
white  hue  on  the  inner  surface : 
the  darker  pigment  is  limited  to 
the  ciliary  processes  and  back  of  the  iri.s.  In  a mysticete  whale 
(Balana)  the  cellulosity  connecting  the  choroid  with  the  sclerotic 
was  of  a light  brown  hue:  the  darker  pigment  extends  from  the 
ciliary  processes  a little  way  upon  the  choroid  : and  in  both  kinds 
of  whale  is  so  dis|io8ed  as  to  absorb  the  rays  of  light  and  prevent 
them  being  a second  time  reflected  so  as  to  disturb  the  sjiectrum 
on  the  back  of  the  retina.  Of  the  numerous  minute  folds  which 
constitute  the  ciliary  zone  every  third,  fourth,  or  fifth  is  en- 
larged, and  proiluced  forward  to  form  a wrinkled  corrugated 
process  about  three  lines  long,  compressed  and  terminating 
obtusely : the  intermediate  shorter  jtrocesses  are  of  varv-ing 

length  ; the  long  ciliary  processes  are  about  seventy  in  number, 
in  Balcenoptera.  The  jieripheral  radiated  contractile  fibres  of  the 
iris,  and  the  central  circular  ones,  arc  conspicuous  on  the  back 
part  of  that  curtain  in  whales  : the  front  surface  shows  the  wavy 
vessels  radiating  from  arterial  canals  which  surround  the  margin 
of  the  pupil  which  is  transversely  elliptical.  Four  equidistant 
canals  in  the  thick  sclerotic  give  passage  to  the  long  ciliary' 
arteries  and  the  vorticose  veins : the  two  arteries  which  advance 
in  the  direction  of  the  long  axis  of  the  pupil  terminate  in  a 
canal  bordering  the  pupil  a little  way  from  its  margin  : the  wavy 
branches  radiate  from  this  canal,  and  are  prominent  on  the 
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aDteri«>r  i^iirface  uf  the  iris.  The  quantity  of  the  aqueous  humour 
IS  small  : the  lens,  d,  is  subspherical.  flatter  in  front  than  behind. 
The  nucleus  is  seen  in  the  j>«'sterior  half  an<i  the  surroundin"  la- 
mina; are  reflected  inward  and  backward  towanl  the  middle  of  the 
anterior  surface  of  the  nucleus,  leaving  a funnel-sha|)cd  cavity  in 
front  of  it  which  is  filled  by  less  dense  substance.  In  llyperoodon 
the  pupil  is  transversely  oblong  with  a moderate  projection  of 
the  up|)er  margin,  reminding  one  of  the  skate's  pupillary  curtain 
(vol.  i.  p.  334).  In  the  Grampus  the  choroid  presents  a greenish 
tinge:  in  the  Porjwise  it  is  a bluish  white.  In  both,  the  pupil 
resembles  that  of  Ihjj>fromloH.  The  retina  is  thick. 

In  the  Seals  the  sclemtic  is  chiefly  remarkable  for  the  sudden 
thinning  at  the  part  corresponding  with  the  ciliary  zone ; it  is 
moderately  thick  both  in  front  and  behind : the  cornea  is  thin  and 
flabby.  The  muscles  of  the  eye-ball  being  inserted  into  the  an- 
terior part  of  the  sclerotic  may  shorten  the  axis  of  the  eye  and 
bring  the  lens  nearer  to  the  back  of  the  globe,  thus  .adapting  it  to 
vision  in  air  and  water.  In  the  Sirenia  the  eye  is  very  small. 
In  a Rhytina  of  2o  feet  in  length  the  eye-ball  was  but  inch 
in  diameter : it  is  about  1 inch  in  diameter  in  the  Dugong : tlie 
pupil  is  circular. 

The  eye  of  the  Klephant  b about  2 inches  in  diameter,  re- 
minding one  of  that  in  the  Whale  by  its  small  relative  size : 
there  b likewbe  an  unusual  thickness  of  fibrous  or  sclerotic  sub- 
stance at  the  entry  of  the  optic  nerve,  and  a similar  extent  of 
light-coloureil  ta(>etum  within  tlie  choroid,  which  tapetum  presents 
the  fibnius  tyjie  of  structure:  tlie  pupil  is  round,  the  cornea  b 
larger  and  more  convex  than  in  Cetacea. 

In  the  Rhinoceros  the  eyeballs  are  of  small  comjiarativc  size  ; 
in  the  Indian  sjiccics  which  I dissected,'  each  measured  in 
antcro-posterior  diameter  one  inch  five  lines,  and  in  transverse 
diameter  one  inch  three  lines.  Some  dark-brown  pigment  lies 
under  the  conjunctiva  for  the  extent  of  alniut  a line  from  the 
circumference  of  the  cornea : the  same  kind  of  pigment  b also 
•lejfosited  upon  the  outside  of  the  nictitating  eyelid,  and  over  a 
great  part  of  the  inner  surface  of  the  same  part,  covered  of  course 
by  a reflection  of  the  conjunctiva.  The  trunks  of  the  venie 
vorticosa:  perforate  the  sclerotica  half-way  between  the  entry  of 
the  optic  nerve  and  the  edge  of  tlie  cornea : their  dbjMisitiun,  with 
the  flocculent  but  somewhat  firm  connecting  tissue  of  their 
radiating  branches,  presented  that  structure  which  most  nearly 
resembled  the  figures  given  by  Mr.  Thomas  of  the  jiarts  he 
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describes  as  ‘ processes  having  a muscular  appearance,  with  the 
fibres  running  forwards  in  a radiated  direction.’’  On  removing 
the  anterior  part  of  the  sclerotica,  whilst  the  eye  was  sus|>ended 
in  spirit,  both  the  vitreous  humour  and  the  lens  rolled  out ; and 
the  capsule  of  the  lens  showed  no  particular  mark  of  the  inser- 
tion or  fixation  of  the  ciliary  processes ; their  impressions,  in 
remains  of  pigmental  matter,  were  j>erceptible  on  the  anterior 
part  of  the  ‘ canal  of  Petit.’  The  transverse  diameter  of  the  lens 
was  six  lines,  the  anteroposterior  tliameter  four  lines.  The  pig- 
ment was  not  confined  to  the  inside  of  the  choroid ; but  in  fxith 
Rhinoceroses  dissected  by  me,  I found  on  the  outside  of  the 
chorion  much  loose  cellular  tissue,  with  dark  pigment : this 
coloure<l  flocculent  tissue  concealed  at  first  the  vense  vorticosa;, 
even  when  injected.  The  sclerotica  Is  one  line  thick  at  the  back 
part  of  the  eyeball ; and  is  thinnest  near  the  middle  of  the  ball, 
becoming  thicker  towards  the  cornea,  which  is  two  lines  thick. 
The  choroid  adheres  pretty  strongly  to  the  back  |)art  of  the 
sclerotic,  around  the  entry  of  the  optic  nerve,  both  by  the  enter- 
ing vessels  and  by  the  tenacity  of  its  outer  flocculent  coat, 
especially  where  the  vessels  penetrate  the  sclerotica.  There  is 
no  tapetum  lucidum.  The  lower  eyelid  has  a special  depressor 
mu.«cle.* 

The  Tapir  has  a jjroportionally  small  eyeball.  Of  the  Perisso- 
dactyle  grrmp  the  Horse  has  the  largest  eyes,  in  relation  to  its 
greater  powers  of  locomotion.  They  are  lateral,  prominent, 
capable  of  directing  against  any  object  in  the  rear,  without  turn 
of  the  head,  the  outkick  of  the  hind-leg.  The  cornea  inclines  to 
an  oval  figure,  the  larger  end  being  toward  the  nose.  The  taj>e- 
tum  is  of  a light  blue  colour,  and  fibrous  structure : the  ciliary 
processes  are  long ; more  numerous  than  in  the  ox  : the  pupil  is 
transversely  oblong,  rather  wider  on  the  nasal  side,  with  a few 
processes  from  the  upper  margin. 

In  the  Hog-tribe  the  cornea  is  oval,  with  the  large  end  in- 
ternal, or  toward  the  nose ; the  sclerotic  is  thin ; the  pupil  is 
round ; the  eyeball  rather  larger  than  the  palpebral  opening 
would  indicate ; the  inner  figure  of  the  choroid  is  of  a shining 
chocolate  colour  in  the  common  Hog,  but  much  darker  in  the 
Babyroussa.  The  eyes  in  Ruminants  are  large,  lateral;  the 
transverse  exceeds  the  fore-and-aft  diameter  of  the  eyeball.  In 
the  Ox  the  latter  is  to  the  transverse  diameter  as  43  to  49 ; in 
the  sheep  as  32  to  35.  The  ciliary  processes  are  short  in  most, 
esjtecially  in  some  Antelojies ; the  retina  extends  far  forward. 
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Tlie  tapetal  layer  is  fibrous,  extensive,  of  almost  metallic  bright- 
ness ; in  most  of  a fine  green  colour ; in  a few  of  a bluish  tint, 
witli  certain  portions,  generally  toward  the  bottom  of  the  eye, 
white : in  the  Ox  the  tapetum  occupies  a broad  transverse 
tract  of  the  choroid.  The  pupil  is  transversely  oblong,  with 
the  uj)per  border  somewhat  festooned  in  the  Camel,  Ox,  and 
Sheep. 

In  the  Carnivora  the  relative  size  of  the  eyes  increases  from 
the  Bears  to  the  Cats.  The  tapetal  layer  exists  in  most,  and 
consists  of  obscurely  nucleated  cells.  In  the  nocturnal  Badger 
it  is  silvery  white  ; in  the  Dog  and  Wolf  whitish,  edged  with 
blue ; in  most  felines  of  an  amber,  or  golden,  or  greenish  hue, 
with  a lighter  tract  of  crescentic  form,  curving  round  the  lower 
part  of  the  entry  of  the  optic  nerve.  In  the  Lion,  the  greater 
extent  of  tapetum  is  below  the  nerve  ; only  a small  portion  above : 
the  general  form  of  the  whole  taj>etum  is  broatlly  crescentic  in 
Felines.  In  the  small  crepuscular  Cats  the  pupil  contracts  to 
a vertical  slit ; in  the  larger  diurnal  felines  it  is  circular.  The 
optic  nerve  penetrates  more  nearly  the  axis  of  the  eyeball  in 
Carnivores  than  in  Ruminants:  the  ciliary  folds  are  long,  espe- 
cially in  the  Lynx,  in  which  the  retina  does  not  reach  the 
meridian  of  the  eyeball : it  is  also  very  thin. 

In  the  nocturnal  Quadrumana  the  main  mo<lifications  of  the  eye- 
ball have  been  noted  ; the  large  and  prominent  cornea,  the  unusu- 
ally convex  lens,  the  broad  iris  and  circular  pupil,  and  the  patch 
of  tapetum,  are  well  e.xemplified  in  the  dissection  of  the  eyes  of 
Steiiops  gracilis,  in  xx,  vol.  iii.  p.  158,  no.  1706.  I found  also  a 
delicate  tapetum  at  the  back  of  the  eye  in  Chiromys ; but  the 
light  is  less  brightly  reflected  from  the  living  eyes  of  the  Aye- 
aye  than  from  those  of  the  slow  Lemurs.  The  lens  is  almost 
spherical  in  Ferodicticus.  In  no  Lemurine  has  the  retinal  spot 
been  found ; but  there  seems  to  be  a minute  fold  or  crease  in  its 
place.  This  spot,  fig.  201,  a,  due  to  a thinning  there  of  the 
retina,  defined  by  a yellowish  border,  accompanieil,  usually,  in 
the  dead  eye,  with  a slight  crease,  and  situated  in  or  very  near 
the  axis  of  vision,  exists  in  the  catarrhinc  Quadrumana  as  in 
Man.  The  sclerotic  seems,  in  most,  to  be  somewhat  thinner  than 
in  Man  and  to  take  more  readily  the  stain  of  the  choroidal  pig- 
ment after  death.  In  no  Quadrumana  above  the  Lemurs  is  there 
a tapetum. 

The  human  eyeball  is  in  some  individuals  a sphere;  in  most 
the  antero-postcrior  is  rather  less  than  the  transverse  dia- 
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meter.'  The  sclerotic,  or  ‘ tunica  albuginea,'  is  of  a fibrous 
structure,  and  so  much  as  is  visible  at  the  fore-part  of  the  globe 
forms  the  ‘ white  of  the  eye : ’ being  thinner  here  than  behind, 
the  dark  choroid  appearing  through  it  sometimes  gives  it  a bluish 
tint;  it  resumes  thickness  near  the  cornea.  This,  fig.  193,  i, 
forms  the  segment  of  a smaller  sphere  than  the  rest  of  the  eye- 
ball ; it  is  perfectly  transparent  in  the  living  eye,  and  consists  of 
a proper  tunic,  a most  delicate  continuation  of  conjunctive  mem- 
brane, fig.  207,  g,  over  the  outer  surface,  and  an  elastic  layer  on 
the  inner  surface  with  which  the  membrane  of  the  aqueous 
humour  is  blended : the  proper  tunic  is  laminated.  It  is  inti- 
mately connected  with  the  sclerotic;  the  elastic  layer  is  con- 
tinued beneath  the  sclerotic,  ‘ as  if  slipped  between  it  and  the 
ciliary  ligament,’  fig.  193,  d.  The  choroid  is  the  vascular  tunic  of 
the  eye  and  is  stained,  in  Man,  within  and  without  with  a deep 
brown  or  black  pigment : the  outer  surface  is  flocculent,  through 
the  attachment  to  the  cellulosity  uniting  it  with  the  sclerotic  : the 
inner  surface  is  smooth,  highly  and  rninutely  vascular:  this 
surface,  artificially  separated  from  the  outer  surface  supporting, 
as  in  fig.  1 96,  the  trunks  and  larger  branches  of  the  vessels  and 
nerves,  was  termed  the  ‘ tunica  Ruyschiana.’  The  arteries  supplying 
the  choroid  are  the  ‘ short  ciliary ; ’ the 
‘ long  ciliary  ’ arteries  are  chiefly  distri- 
buted to  the  iris,  and  also  give  anterior 
branches  to  the  sclerotic.  The  veins 
of  the  choroid  converge  in  arches  to 
four  or  five  trunks  which  pierce  the 
sclerotic  at  equal  distance  from  each 
other  behind  the  middle  of  the  eyeball : 
from  this  disjrosition,  shown  in  fig.  196, 
they  are  termed  ‘ venae  vorticosae.’  The 
choroid  receives  minute  branches  from 
the  ciliary  nerves  in  their  passage  to 
the  iris.  On  the  outer  part  and  anterior  bonier  of  the  choroid 
is  a circle  of  grey  softish  substance,  applied,  like  a band,  round 
the  margin  of  the  aperture  into  which  the  iris  is  fitted : it 
adheres  closely  to  the  sclerotic  at  the  line  of  the  attachment 
of  the  cornea.  The  ciliary  nerves  penetrate  and  subdivide  in 
this  zone,  which  is  termed  ‘ ciliary  ligament,’  fig.  197,  a.  On  the 
inner  surface  of  the  anterior  border  of  the  choroid  is  a circle  of 
longitudinal  folds  of  that  membrane,  called  ‘ ciliary  processes,’ 
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collectively  ‘ ciliary  zone,’  or  ‘ corpus  n’llare,'  fig.  198,  Of  these 
folds,  ill  Man,  there  are  from  sixty  to  seventy,  almut  two  lines  in 
length,  but  alternately  a little  longer  and  shorter.  The  free  central 
or  internal  border  of  the  fold 
sink.s  into  the  contiguous  hya- 
loid membrane,  round  the  cir- 
cumference of  the  crystalline 
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lens,  the  anterior  ends  of  the  processes  project  into  the  posterior 
chamber  of  the  aqueous  humour,  touching  the  iris,  and  bounding 
lieripherally  that  chamber.  The  circular  screen  or  curtain  at- 
tached at  its  jicriphcry  to  the  ciliary  ligament,  and  inter|>oscd 

between  the  cornea  and  lens 
is  called  the  ‘ iris ; ’ its  apt'r- 
turc  is  the  ‘ pupil,’  which  is 
nearly  in  the  centre  of  the 
disc,  but  a little  toward  the 
nasal  side.  The  anterior  sur- 
face of  the  iris,  fig.  199,  pre- 
sents linear  elevations,  irre- 
gular in  size  and  number, 
converging  to  a circular  one 
about  •j'oth  of  an  inch  from  the 
margin  of  the  pupil : from  the 
‘ circle  ’ numerous  minute  striai 
converge  to  the  margin  itself. 
The  anterior  surface  is  the  seat 
of  that  variety  of  colour,  to  which,  in  common  parlance,  the  colour 
of  the  eye  itself  is  attributed.  The  posterior  surface  of  the  iris  is 
covered  by  a thick  layer  of  black  jiigment  which  when  removed 
c.\|»o.ses  a number  ol  lines  converging  from  the  ciliary  folds  to 
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within  a short  distance  of  the  pupil ; this  is  immediately  en- 
circled by  a band,  breadth,  which  is  the  orbicular  or 

sphincter  muscle.  The  radiating  lines,  by  analogy  with  the  eye 
of  the  Whale  and  Giraffe,  indicate  the  ‘ dilator  fibres  ’ of  the 
pupil.  The  peculiar  contractile  office  or  muscular  character  of 
the  iris  calls  for  the  large  supply  of  nerves ; it  is  also  highly 
vascular.  The  two  long  ciliary  arteries  which  penetrate  the 
sclerotic  posteriorly,  advance  horizontally,  about  the  middle  of 
the  eyeball,  between  that  membrane  and  the  choroid,  to  the  iris, 
where  each  divides  into  two  branches,  which  proceed  round  the 
circumference  and  inosculate  with  each  other,  thus  forming  an 
arterial  circle,  from  which  numberless  branches  converge  to  the 
pupil.  The  nerves  are  derived  from  the  third  and  fifth  pairs, 
with  communications  from  the  sympathetic,  and  consequently 
having  connections  with  the  sixth.  They  penetrate  the  sclerotic 
|K)8teriorly,  and  advance  towards  the  iris  between  the  sclerotic 
and  choroid,  about  fifteen  or  twenty  in  number : arrived  at  the 
ciliary  ligament,  they  divide  at  acute  angles,  as  in  fig.  197,  and 
may  be  traced  through 
this  structure  until  they 
are  finally  lost  in  the 
iris.  The  optic  nerve, 
on  entering  the  orbit, 
bends  a little  forward 
and  enters  the  eye  about 
an  eighth  of  an  inch  be- 
low and  internal  to  the 
axis  of  the  globe : it  un- 
dergoes a constriction, 
as  in  fig.  200,  a,  just 
before  piercing  the  scle- 
rotic : on  entering  the  cavity  of  the  eyeball  the  ncuriiic  forms  a 
slight  prominence,  before  expanding  into  the  sheet  called  ‘ retina.’ 
The  branch  of  the  ophthalmic  artery  which  penetrates  the  optic 
nerve  before  it  reaches  the  eye,  emerges  from  the  centre  of  the  ter- 
minal prominence  by  the  ‘ porus  opticus,’  and  ramifies,  as  ‘ arteria 
centralis  retina;,’  upon  the  vascular  layer  adherent  to  the  hyaloid 
membrane  of  the  vitreous  humour.  The  microscopic  character  of 
the  retina  itself  is  given  in  vol.  i.  p.  332.  It  is  covered  externallv 
by  a delicate  transparent  membrane,  by  which  the  retina  is 
connected  with  the  Kiiyschiaii  layer  of  the  choroid.  In  the 
Horse,  Ox,  and  Sheep,  this  membrane  is  more  easily  demonstrated 
than  in  Man,  where  it  is  obscured  by  the  black  pigment:  the 
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subjoined  cut  (fij;.  201,  b)  gives  Dr.  .Jacob’s  illustration  of  this 
membrane  as  j)artly  reflected  from  the  back  of  the  retina.  In  the 
<-cntre  of  tlie  retina  and  axis  of  vision  is  a speck  which  retains  its 
transjiarency  when  the  rest  of  the  nervous  expansion  has  become 
opaque  after  death  ; this  speck  is  margined  by  a yellowish  tint ; 
and  in  the  dead  eye  one  or  more  short  delicate  folds  pucker  the 
contiguous  retina.  It  was  reganled  as  a natural  perforation  by 
its  discoverer,  and  has  been  called  the  ‘ foramen  of  Soemmerring : ’ 
it  is  a modification  of  the  retina.  The  relative  position  of  the 
‘ macula  centralis  ’ to  the  termination  of  the  optic  nerve,  whence 
the  branches  of  the  arteria  centralis  diverge,  is  shown  in  fig. 
201,  A.  The  retinal  neurine  terminates  at  the  jwstcrior  margin 
of  the  ciliary  body.  The  vitreous  humour,  which  mainly  main- 
tains the  sphericity  of  the 
eye,  consists  of  water,  98  *40; 
chloride  of  sodium  with  a lit- 
tle extractive  matter,  1'42 ; 
albumen,  0'16  ; a substance 
soluble  in  water,  0'02.  It 
is  lodged  in  the  cells  of  the 
hyaloid  membrane,  receives 
in  an  anterior  depression 
the  crystalline  lens,  fig.  202, 
a,  from  the  circumference 
of  which  it  is  extended  to 
the  anterior  extremities  of  the  ciliary  processes,  shows  their  im- 
jtressions  at  c,  and  bounds  the  j)osterior  chamber  of  the  aqueous 

humour.  The  cellular  structure  of 
the  part  of  the  hyaloid  at  the  cir- 
cumference of  the  lens  when  demon- 
strated by  inflation  or  injection,  pro- 
duces the  ap|>earance  shown  at  b, 
called  by  its  describer  Petit,  ‘ canal 
<I<Klronne:’  the  folds  of  the  hyaloid  in 
relation  to  the  ciliary  processes  form 
the  ‘ corona  ciliaris,'  ib.  c.  In  the 
human  crystalline  lens  the  anterior 
is  to  the  iH)stcrior  convexity  as  4 to 
3 : the  transverse  diameter  is  from  4 

Vlirrou*  liiimottr  With  hy«l«»ld  mrmbrmne  and  s i i* 
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convexity  of  Is.th  surfaces  vary  at  <lifterent  |HTiods  of  life. 
In  fig.  20.3,  A shows  the  lens  of  a six-months’  foetus,  ii,  of 
a child  «if  six  vears.  c.  of  an  adult  of  inid<lle  age:  after  fifty 
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it  l»ecomes  rather  flatter  aiul  also  firmer  in  texture.  The  density 
of  the  lens  is  not  the  same  throughout,  the  surface  being  nearly 
fluid,  while  the  centre  scarcely  yields  to  the  pressure  of  the 
finger  and  thumb,  especially  in  advanced 

life.  The  eye  is  thus  rendered  achro-  a a c 

made.  The  specific  gravity  of  the  lens 
to  water  is  as  10024  to  10000:  the  re- 
fractive power  of  the  centre  of  the  lens 
is  to  that  of  water  as  18  to  7.  Brewster  crr»i«iiinr  huBUD. ditftr»nt 
found  the  following  to  be  the  refractive  'S" . “«•  •ae.  cv  . 
|x>wers  of  the  different  humours  of  the  human  eye,  the  ray  of 
light  being  incident  upon  them  from  the  eye  : ‘ aqueous  humour, 
1*336;  crystalline,  surface  1*3767,  centre  1*3990,  mean  1*3839; 
vitreous  humour,  1*3394.  But  as  the  rays  refracted  by  the  aque- 
ous humour  pass  into  the  crystalline,  and  those  from  the  crys- 
talline into  the  vitreous  humour,  the  indices  of  refraction  of  the 
separating  surface  of  these  humours  will  be,  from  the  aqueous 
humour  to  the  outer  coat  of  the  crystalline,  1*0466  ; from  the 
aqueous  humour  to  the  crystalline,  using  the  mean  index,  1*0353 ; 
from  the  vitreous  to  the  outer  coat  of  the  crystalline,  1*0445; 
from  the  vitreous  to  the  crystal- 
line, using  the  mean  index, 

1*0332.’  If  the  lens  a-ith  the 
capsule  attached  to  the  hyaloid 
membrane  be  placed  in  water,  the 
following  day  it  is  found  slightly 
opaque  or  opaline,  and  split  into 
several  portions  by  fissures  ex- 
tending from  the  centre  to  the 
circumference,  as  in  fig.  204,  B. 

If  allowed  to  remain  some  days 
in  water,  it  continues  to  expand 
and  unfold  itself;  and  if  then  transferred  to  spirit  and  hardened, 
it  may  be  unravelled  by  dissection,  fig.  204,  c,  and  its  fibrous 
structure  demonstrated. 

In  Man  and  Mammals  generally  three  septa  diverge  from  each 
pole  of  the  lens  at  angles  of  120°,  the  septa  of  the  jsjsterior  sur- 
face bisecting  the  angles  formetl  by  the  septa  of  the  anterior  sur- 
face: the  fibres  diverge  from  these  septa  as  shown  in  fig.  205. 
The  denticulated  structure  by  which  the  fibres  are  laterally  united, 
or  interlock,  is  shown  in  vol.  i.  p.  333,  fig.  217,  in  the  crystalline 
lens  of  a cod.  The  human  lens  is  inclosed  in  a transparent, 
firm,  elastic  capsule.  A branch  of  the  ‘ arteria  centralis  retina*  ’ 
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attains  the  hack  part  of  the  caj)sule,  and  ramifies  richly  thereon, 
in  the  foetus. 

The  aqueous  humour  lodged  in  the  chamber  between  b and  f, 
fig.  193,  has  a refractive  power  very  little  higher  than  that  of 
water;  100  parts  consisting  of  98’10  of  water,  1"15  of  chloride 
of  sodium,  and  0'75  of  extractive  matter  soluble  in  water,  with  the 
merest  trace  of  albumen  : it  is  secreted  by  the  membrane  lining 
the  chamber. 

It.  Appmdatjex  oj  the  Eye, — The  muscles  moving  the  human 
eyeball  are  the  four  straight  and  two  oblique  ones.  In  lower 

Quadriimana  a few  fibres 
seem  to  be  detached  from 
the  inner  part  of  the  origin 
of  the  recti  to  be  inserted 
into  the  sclerotic  nearer  the 
entry  of  the  optic  nerve. 
This  is  the  remnant  of 
a stronger  muscle,  which 
in  other  Mammals,  with 
few  exceptions,  surrounds 
the  optic  nerve,  expand- 
ing, funnel-wise,  as  it  ap- 
jiroaches  the  back  of  the 
eyeball : it  is  called  the 
‘ choanoid  muscle,’  or 
pensor  oruli,  and  is 
by  a branch  of  the  sixth 
cerebral  nerve.  In  Cetacea  it  is  divided  into  four  short  mus- 
cles, paralleling  the  longer  recti,  but  of  greater  breadth  and 
almost  continuous : they  are  inserted  into  the  sclerotic  behind 
the  transverse  axis  of  the  eye-ball.  The  narrower  and  longer 
recti  muscles  expand  to  be  inserted  anterior  to  that  axis.  The 
superior  oblique  arising,  with  them,  above  the  foramen  opticum, 
has  the  course  of  its  fibres  changed,  as  usual,  by  a pulley  at  the 
upper  and  fore  (lart  of  the  orbit,  but  in  jvassing  through  the  sub- 
stance which  serves  as  the  trochlea,  the  muscle  is  only  partially 
tendinous  and  little  diminished  in  diameter.  The  inferior  oblique 
is  long,  and  broad  at  its  insertion. 

In  the  Rhinoceros  the  fasciculi  of  the  choanoid  muscles  have 
coalesced  into  two  masses;  in  most  quadrupeds  they  form  a 
single  ‘ infundibular  suspensor.’  The  cellular  tissue  is  more 
or  less  condensed  between  the  insertions  of  the  choanoid  and 
the  fleshy  parts  of  the  recti  muscles,  and  in  Man  between  these 
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and  the  eyeball,  the  recti  perforating  this  layer  or  sheath  before 
expanding  to  their  insertions.  The  upper  one,  ‘ rectus  superior,’ 
directs  the  cornea  upward,  the  ‘ rectus  inferior  ’ do'vvnward,  the 
‘ rectus  externus  ’ outward,  the  ‘ rectus  internus  ’ inward  or 
toward  the  nose ; the  ‘ recti  ’ antagonising,  or  combining  with, 
each  other  in  all  the  degrees  required  to  make  the  cornea  assume 
any  intermediate  direction  : they  can  thus  produce  the  move- 
ments analogous  to  the  ‘ circumduction  ’ of  a limb  ; in  doing 
which  the  centre  of  the  cornea  describes  a circle.  For  ‘ rotation’ 
of  the  eyeball,  in  which  this  corneal  centre  remains  fixed  as  the 
fore  end  of  an  axis,  the  two  muscles  called  ‘ oblique  ’ are  added. 

In  Mammals  the  ‘ superior  oblique  ’ arises  from  the  back  part 
of  the  orbit  with  the  recti,  advances  to  the  upper  part  of  the  rim, 
glides  there  through  a tendinous  pulley,  returns  toward  the  eye- 
ball, is  reflected  backward  and  outward  beneath  the  rectus 
superior,  and  is  inserted  into  the  sclerotic  between  this  muscle 
and  the  rectus  externus.  The  inferior  oblique  takes  its  origin, 
in  advance  of  the  eyeball,  from  the  orbital  plate  of  the  maxillary ; 
passes  outward  and  backward  beneath  the  ‘ rectus  inferior,’  and 
is  inserted  into  the  outer  and  back  part  of  the  sclerotic.  The 
two  oblique  are  so  disposed  as  to  act,  when  antagonising  each 
other,  in  rotating  the  eyeball  on  its  antero-posterior  axis : when 
combining  in  action  they  tend  to  draw  forward  the  eye,  and  thus 
antagonise  the  recti  muscles  collectively.  The  trochlear  arrange- 
ment of  the  superior  oblique  is  peculiar  to  the  present  class. 

As  habitually  antagonistic  muscles  have  nerves  from  distinct 
sources,  the  rectus  abductor  is  supplied  by  the  ‘ sixth  ’ nerve,  the 
rectus  adductor  by  the  ‘ third.’  The  superior  oblique,  which 
opposes  the  inferior  one  in  most  movements,  is  supplied  by  the 
‘ fourth  ’ nerve.  As  the  depression  of  the  eyeball  can  be  per- 
formed by  the  superior  oblique  if  the  downward  motion  be 
directed  by  the  lateral  muscles,  it  suffices  that  it  should  have  the 
same  separate  nerve  (fourth)  for  that  motion  as  for  antagonising 
the  inferior  oblique,  which,  like  the  upper,  lower,  and  inner  recti, 
is  supplied  by  the  ‘ third  nerve.’  ‘ 

In  Cetacea  the  eyelids  are  represented  by  a continuous  circular 
fold  of  the  skin,  leaving  a round  opening  in  front  of  the  eye  witli 
a narrow  margin  unprovided  with  eyelashes.  This  ‘ palpebral  ’ 
opening  is  closed  by  an  orbicular  muscle  or  sphincter,  and  is 
expanded  by  four  broad,  thin,  almost  continuous  muscles  (in  the 
Porpoise).  The  ‘ tunica  conjunctiva,’  fig.  195,  g,  lines  the  circular 

* For  Hunter  H excellent  remarks  on  * the  use  of  the  Oblique  Muscles,’  see  xav, 
p.  24. 
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eyelid,  and  is  reflected  uj)on  the  eyeball,  near  its  middle.  At 
the  line  of  reflection  are  the  orifices  of  a zone  of  ‘ Meibomian  ’ 
follicles:  an  aggregate  of  somewhat  more  complex  ones  at  the 
inner  side  of  the  eyeball  represents  a ‘ Harderian  ’ gland.  There 
is  no  true  lacrymal  gland,  nor  any  ‘ third  ’ or  nictitating  lid. 
The  presence  of  this  eyelid  distinguishes  the  Sirenia  from  the 
Cetacea ; ‘ and  the  Harderian  gland  is  more  distinctly  developed. 
In  Seals  the  circular  eyelid  is  supplied  by  four  dilators 
and  a sphincter,  as  in  Whales ; but  an  external  groove 
at  the  inner  canthus  indicates  the  division  of  the  horizontal 
eyelids : the  nictitating  membrane  is  well  developed  and  the 
Harderian  gland  at  its  base  is  large.  In  the  Elephant  the 
‘ third  ’ or  vertical  eyelid  is  supported  by  a flat,  slightly  curved 
cartilage,  which  becomes  thinner  as  it  is  attached  to  the  concave 
free  margin : the  Harderian  is  continued  as  in  Cetacea,  from 
a group  of  smaller  mucous  glands,  which  have  many  excretory 
orifices  upon  the  margin  of  the  third  eyelid,  but  its  principal 
duct  tenninatcs  upon  the  inner  surface  near  the  base  of  that  lid. 
There  is  a special  ‘ nictitator  ’ muscle,  the  fibres  of  which  pass  at 
first  over  the  base  of  the  membrane  in  a curve,  then  form  an 
angle  to  include  the  extremity  of  the  nictitating  cartilage,  which 
is  consequently  moved  in  the  diagonal  of  the  contracting  forces, 
and  pushed  forward  and  outward  over  the  front  of  the  eyeball. 
In  the  Rhinoceros  the  lower  eyelid  has  a depressor  muscle.  The 
Harderian  gland  is  large  in  the  Hog-tribe ; its  duct  opens  upon 
the  lower  part  of  the  inner  surface  of  the  membrane : it  co-exists 
with  a ‘ caruncula  lacrymalis.’  There  is  a small  lacrymal  gland 
the  duct  of  which  opens  upon  the  inner  surface  of  the  upj>er 
eyelid : the  margin  of  this  is  provided  with  a row  of  stilf,  unequal 
cilia,  beneath  which  are  orifices  of  the  ‘ Meibomian  glands.’  In 
most  Ungulates  the  base  of  the  third  eyelid  is  buried  in  a fatty 
and  fibrous  substance.  In  the  Sheep  a large  ‘caruncula’  co- 
exists with  the  Harderian  and  lacrymal  glands.  The  upper  eyelid 
has  cilia  in  all  Ruminants.  The  margins  of  the  lids  and  the 
conjunctiva  are  charged  with  black  pigment  in  the  Giraffe ; and 
the  cilia  of  the  upper  lid  are  very  long. 

The  eye  is  protected,  in  the  Ornithorhynchus,  by  a cartila- 
ginous plate  continued  from  the  upper  part  of  the  orbit,  com- 
parable with  the  palpebral  plates  in  the  crocodile.  Both  the  water 
Monotreme  and  the  Echidna  have  a well  developed  membrana 
nictitans:  there  are  also  an  upper  and  a lower  eyelid,  each 
of  which  has  its  proper  apertor  muscle.  In  Marsupials,  the 
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Harderian  gland  and  the  retractor  oculi  co-exist,  as  usual,  with  the 
nictitating  eyelid.  This  is  largely  developed,  and  the  conjunctiva 
covering  its  free  margin  is  stained  black.  Beneath  the  upper  eyelid, 
in  the  Kangaroo,  there  is  a cartilaginous  ridge  having  the  conjunc- 
tiva reflected  over  it.  There  are  no  palpebral  cilia  in  Didelphis. 

The  Harderian  gland  subserves  the  movements  of  the  third 
or  nictitating  lid,  and  with  the  choanoid  muscle,  are  present  in 
all  quadrupeds  up  to  the  Quadrumana.  In  these,  as  in  Man,  the 
third  lid  is  reduced  to  a 2q5 

small  fold,  fig.  206,  g,  at 
the  inner  canthus,  within 
and  projecting  a little  be- 
yond the  vascular  protu- 
berance called  ‘ caruncula 
lacrymalis,’  ib.  f : the  Har- 
derian gland  ceases  to  be 
developed  : the  true  lacry- 
mal  gland  at  the  upper  and 
outer  part  of  the  orbit,  fig. 

209,  k,  I,  is  large.  In  fig. 

206  the  orifices  of  the  ‘ tar- 

, , . ..  • « 1 i Thf  cjrrlld*  of  tbp  IrU  tide  opcucd.  xcvnii”. 

sal  or  ‘ meibomian  glands 

are  shown  at  a,  a.  In  Man  and  Quadrumana  the  upper  of  the 
two  horizontal  lids  is  the  largest  and  most  movable,  contrary  to 
the  case  in  most  lower  Mammals. 


The  fibrous  tissue  within  that  fold 
of  skin  is  now  condensed  to  form 
a ‘tarsal  cartilage,’  largest  and 
most  conspicuous  in  the  upper  lid, 
of  which  it  forms  the  basis ; its 
straight  and  thick  border  consti- 
tutes the  ciliary  margin.  In  the 
lower  lid  the  so-called  ‘ cartilage  ’ 
is  hardly  more  developed  than  it 
is  in  both  lids  of  quadrupeds.  The 


Hrclloti  nf  fyellda  t-itciit  of  cunjuiir- 

live  roerobniDe  and  ducta  of  Urrjrmol  gland. 


meibomian  follicles  extend  into  the 


fibrous  (lower  lid)  or  fibrocartilaginous  (upper  lid)  tissue.  The 
muscle  closing  the  lids  is  the  ‘ orbicularis  palpebrarum,’  fig.  29,  o. 
The  upper  lid  is  raised  by  a special  muscle,  ‘ levator  pal- 
pebrse  superioris,’  which  extends  from  the  upper  border  of 
the  optic  foramen,  to  the  tarsal  fibro-cartilage.  The  lower  lid 
on  the  relaxation  of  the  ‘ orbicularis’  which  draws  it  up,  falls 


down  by  its  own  elasticity ; rarely  in  Mammals  has  it  a proper 
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deprcssMir.  The  outer  border  of  the  ciliary  margin  of  both 
lids  is  provided,  in  Man,  with  eye-lashes,  fig.  207,  the  orifices  of 
which,  when  plucked  out,  are  shown  at  h,  fig.  206.  In  this 
figure  b is  the  ‘ outer  canthus,’  c the  ‘ inner  canthus,’  d lacrymal 
)>aj)illa  or  ‘ punctum  ’ of  the  upper  lid ; e,  the  same  of  the  lower 
lid  ; y,  the  lacrymal  caruncle  ; g,  the  semilunar  fold  representing 
the  ‘ third  eyelid,’  and  now  forming  the  bottom  of  the  ‘ lacus 
lacrymalis  ’ within  the  fissure  of  the  inner  canthus ; i,  the  eye- 
brow. In  the  section  of  the  outer  parts  of  the  eyelids,  in  fig. 

207,  is  shown  the  line  of  reflection  of  the  con- 
junctive membrane  upon  the  eyeball,  g,  at  the 
ujiper  and  outer  part  of  which  line  open  the  9 to 
1 2 orifices  of  the  ducts  of  the  lacrymal  gland,  into 
which  bristles  have  been  inserted. 

The  gland,  fig.  208,  consists  of  an  uj>per  por- 
tion a,  a,  which  is  lodged  in  the  shallow  depres- 
sion at  the  outer  side  of  the  roof  of  the  orbit, 
and  a lower  thinner  portion,  h,  b,  which  is  a looser 
aggregate  of  lobules  extending  into  the  substance 
of  the  upper  eyelid.  The  fluid  contributed  by 
the  lacrymal  and  meibomian  glands  to  the  conjunctival  cavity, 
after  being  spread  by  the  winking  movements  of  the  lids  over 

the  front  of  the  eyeball,  is  carried 
along  the  groove  formed  by  the 
margins  of  the  closed  lids  to  the 
inner  canthus,  and  is  there  im- 
bibed by  the  ‘ puncta  lacrymalia,’ 
fig.  209,  a,  a.  From  each  of  these 
orifices  a canal  is  continued,  ascend- 
ing in  the  upper,  descending  in  the 
lower  lid ; in  both,  then,  bending  at 
an  acute  angle  and  converging  to  a 
long  dilated  receptacle,  f,  g,  called 
‘ lacrymal  sac.’  The  large  blind 
end,  e,  is  directed  upward ; the  sac 
gradually  contracts,  A,  to  the  ‘ nasal 
duct,’  j,  which  opens  into  the  infe- 
rior meatus,  fig.  152,  k,  of  the  nose. 
In  all  Mammals  with  divided  or  horizontal  eyelids  there  is  a 
similar  provision  for  carrying  off  the  w'aste  lubricating  fluid  of  the 
eyeball.  In  Man,  in  whom  the  true  lacrymal  gl.aud  is  relatively 
largest,  its  peculiar  secretion  — the  tears  — when  emotionally 
secreted  in  excess,  overflows  the  palpebral  groove. 


209 


’V 


V 


Digitized  by  Google 


OKGAN  OF  SIGHT  IN  MAMMALIA. 


261 


C.  Parallel  between  eye  and  ear. — The  author  of  the  excellent 
articles,  xcvii"  and  cx"  has  drawn  a parallel  between  the  eye  and 
ear  which,  in  the  main,  appears  to  me  to  express  justly  the  ‘ serial 
homologies’  of  the  parts  of  those  sense-organs.  I include,  how- 
ever, the  consideration  of  the  cavities  in  which  they  are  respec- 
tively lodged.  The  ‘ otocrane  ’ parallels  the  ‘ orbit,’  The  homo- 
logy is  masked  by  the  deeper  situation  of  the  former,  its  commu- 
nication rather  with  the  interior  than  with  the  exterior  of  the 
cranium,  and  its  more  frequent  coalescence  with  the  fixed  bony 
sense-capsule  which  it  includes.  In  some  Mammals,  however, 
that  capsule  retains  its  primitive  and  typical  distinctness,  and 
can  be  removed  from  the  otocrane.'  This  is,  then,  seen  to 
be  formed  by  the  exoccipital  and  alisphenoid,  the  mastoid,  the 
tympanic,  and,  in  Mammals,  the  expanded  and  intercalated  squa- 
mosal. The  primitive  bony  nuclei  of  the  capsule  which  appear 
round  the  fenestra  rotunda,  on  the  outer  end  of  the  upper  vertical 
semicircular  canal,  and  on  the  middle  of  the  hinder  vertical 
semicircular  canal,  extend  to  form  the  bony  labyrinth,  and  are 
wholly  independent  of  the  centres  from  which  the  ossification  of 
the  mastoid  or  ot'.icr  otocranial  bones  begins.  The  addition  of 
bony  matter  envelopes  in  various  degrees  the  first  formed  part  of 
the  capsule,  called  ‘ bony  labyrinth,’  and  constitutes,  therewith,  the 
‘ petrosal.’  This  capsule  of  the  ear  corresjionds  with  the  sclerotic 
in  the  eye;  which,  in  many  Vertebrates,  becomes  the  seat  of 
ossification,  and  in  some  ( Cetacea,  e.  g.,  fig.  195,  a)  is  thickened  as 
much  out  of  proportion  to  the  nervous  and  vascular  parts  of  the 
essential  organ  it  contains,  as  is  the  petrosal.  The  orifice  by  which 
the  optic  nerve  enters  the  eye-bulb  answers  to  the  foramen  audi- 
torium internum.  The  membranous  labyrinth  answers  to  the 
]iarts  of  the  eyeball  within  the  sclerotic.  The  delicate  va.scular 
external  tis.sue  of  the  labyrinth,  frequently  exhibiting  pigment- 
specks,  answers  to  the  choroid,  the  expansions  of  the  acoustic 
nerves  to  the  retina,  the  endolymph  to  the  vitreous  humour.  The 
fluid  in  the  space  between  the  sclerotic  and  choroid,  including  the 
aqueous  humour,  represents  the  perilymi>h.  Wharton  Jones 
compares  the  ‘ lens  ’ to  the  ‘ otolites.’’ 

If  we  compare  the  conjunctival  space  in  front  of  the  eyeball  with 
the  tympanic  cavity,  and  the  duct  therefrom  leading  to  the  nose 
with  the  eustachian  tube,  then  the  anterior  opening  of  the  sclerotic 
will  answer  to  the  fenestra  vestibuli,  and  the  membrane  closing 
it,  or  cornea,  to  that  which  closes  the  fenestra.  In  mammals 
the  open  movable  eyelids  seem  very  remote  analogues  to  the 
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external  membrane  closing  the  tympanum : but  they  are  super- 
added  developments  to  the  true  serial  homologue  of  the  tympanic 
membrane,  shown  in  Reptilia,  vol.  i.  p.  338,  339,  fig.  220 ; and 
which  disappears  or  blends  with  the  later  added  developments  of 
integument  with  special  cartilages,  muscles,  and  glandules,  and 
which  truly  parallel  the  ‘pinna’  of  the  ear.  In  the  eyelids,  the 
meibomian  follicles  repeat  the  ceruminous  ones,  and  the  eyelashes, 
the  cilia  which  guard  the  entry  to  the  meatus  auditorius.  Wharton 
Jones  compares  the  muscles  of  the  eyeball  to  those  of  the  otosteals, 
and  I concur,  with  him,  in  accepting  the  opinion  of  Weber  as  to 
the  special  relation  of  both  to  their  resjiective  Organs  of  Sense, 
and  as  to  their  being  parts  superadded  to  the  elements  of  the  ver- 
tebral skeleton.  But  I believe  that  the  divergence  of  functions 
so  governs  the  development  of  special  motive  organs  and  ossicles 
as  to  remove  the  ground  for  safely  or  usefully  homologising  such 
parts,  and  I refrain  from  going  beyond  the  serial  repetitions  in  the 
eye  and  ear  which  are  above  indicated. 
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CHAPTER  XXIX. 

DKNTAL  9T.STEM  OF  MASIMAI.IA. 

§ 218.  General  characters  of  the  Teeth. — The  present  class  in- 
cludes a few  genera  and  species  that  are  devoid  of  teeth;  the 
true  ant-eaters  (A/yrmecopAfl^a'S,  the  scaly  ant-eaters  ( Manis),  and 
the  spiny  monotrematous  ant-eater  (Echidna),  are  examples  of 
strictly  edentulous  Mammals : Ornithorhynchus  has  horny  teeth  ; 
the  whales  {Balcena,  Baleenoptera)  have  transitory  embryonic 
calcified  teeth,  fig.  219,  succeeded  by  whalebone  substitutes, 
fig.  217,  in  the  upper  jaw.  The  female  Xarwhal  seems  to  be 
edentulous,  but  has  the  germs  of  two  tusks  in  the  substance  of  the 
upper  jaw-bones : one  of  these  so  remains ; the  other  becomes 
developed  into  a large  hom-like  weapon  in  the  male  Narwhal, 
fig.  220,  A,  and  suggested  to  Linnasus  the  name,  for  its  genus,  of 
Monodan ; but  the  tusk  is  never  median,  like  the  truly  single 
tooth  on  the  palate  of  the  Myxine ; and  occasionally  both  tusks 
are  develoj)ed.  In  Hyperoddon  the  teeth  are  reduced  in  the 
adult  to  two  in  number,  whence  the  specific  name,  II.  hidens\ 
but  they  are  very  small  and  confined  to  the  lower  jaw.  Ziphim 
has  two  teeth  of  functional  size  and  shape,  one  in  each  ramus  of 
the  lower  jaw ; and  this  is  perhaps  a sexual  character.  The 
Delphinus  griseus  has  five  teeth  on  each  side  of  the  lower  jaw  : 
but  they  soon  become  reduced  to  two.  The  Marsupial  genus 
Tarsipes  is  remarkable  for  the  paucity  as  well  as  minuteness  of 
its  teeth.  The  Elephant  has  never  more  than  one  entire  molar, 
or  ]>arts  of  two,  in  use  on  each  side  of  the  upper  and  lower  jaws, 
to  which  are  added  two  tusks,  more  or  less  developed,  in  the  upper 
jaw.  Some  Rodents,  Hydromys,  e.  g.,  have  two  grinders  on  each 
side  of  both  jaws,  which,  added  to  the  four  cutting  teeth  in  front, 
make  twelve  in  all ; the  common  number  of  teeth  in  this  order  is 
twenty ; but  the  hares  and  rabbits  have  twenty-eight  teeth. 
The  sloth  has  eighteen  teeth.  The  number  of  teeth,  thirty-two, 
which  characterises  man,  the  apes  of  the  Old  World,  and  the  true 
Ruminants,  is  the  average  one  of  the  class  Mammalia ; but  the 
typical  number  is  forty-four.  The  examples  of  excessive  number 
of  teeth  are  presented,  in  the  order  Bruta,  by  the  Priodont 


Digitized  by  Google 


266 


ANATOMY  OF  VERTEBRATES. 


Armadillo,  which  has  ninety-eight  teeth ; and  in  the  Cetaceous 
order  by  the  Cachalot,  which  has  upwards  of  sixty  teeth,  though 
most  of  them  are  confined  to  the  lower  jaw ; by  the  common 
jH-)rjK>ise,  which  has  between  eighty  and  ninety  teeth ; by  the 
(iangetic  dolphin,  which  has  one  hundred  and  twenty  teeth  ; and 
by  the  true  dolphins  {Dflphinui),  which  have  from  one  hundred 
to  one  hundred  and  ninety  teeth,  yielding  the  maximum  number 
in  the  class  Mammalia. 

Where  the  teeth  are  in  excessive  number,  as  in  the  species 
above  cited,  they  are  small,  equal,  or  sub-equal,  and  of  a simple 
conical  form ; pointed,  and  slightly  recurved  in  the  common 
dolphin ; with  a broad  and  flattened  base  in  the  Gangetic  dolphin ; 
with  the  crown  compressed  and  expanded  in  the  porpoise ; com- 
pressed, but  truncate,  and  equal  with  the  fang,  in  I^riodon.  The 
compressed  triangular  teeth  become  coarsely  notched  or  dentated 
at  the  hinder  part  of  the  series  in  the  great  extinct  cetaceous 
Zeuglodon,  The  simple  dentition  of  the  smaller  Armadillos,  of 
the  Orycterope,  and  of  the  three-toed  Sloth,  presents  a difference 
in  the  size,  but  little  variety  in  the  shap>e  of  the  teeth,  which  are 
subcylindrical  with  broad  triturating  surfaces;  in  the  two-toed 
Sloth,  the  two  anterior  teeth  of  the  upper  jaw  are  longer  and 
larger  than  the  rest,  and  adapted  for  piercing  and  tearing, 
fig.  215. 

Teeth  are  fixed,  as  a general  rule,  in  all  Vertebrates.  In 
Mammals  the  movements  of  the  teeth  depend  on  those  of  the 
jaw-bones  supporting  them,  but  appear  to  be  independent  in  the 
ratio  of  the  size  of  the  tooth  to  the  bone  to  which  it  is  attached  ; 
the  seemingly  individual  movements  of  divarication  and  approxi- 
mation observable  in  the  large  lower  incisors  of  the  Bathyrrgus 
and  Macropus,'  are  due  entirely  to  the  yielding  nature  of  the 
symphysis  uniting  the  two  rami  of  the  lower  jaw,  in  which  those 
incisors  are  deeply  and  firmly  implanted. 

In  Man,  where  the  prcmaxillaries  early  coalesce  with  the 
maxillary  bones,  where  the  jaws  arc  very  short,  and  the  crowns  of 
the  teeth  are  of  equal  length,  there  is  no  interspai-e  or  ‘ diastema' 
in  the  dental  series  of  either  jaw,  and  the  teeth  derive  some 
additional  fixity  by  their  close  apjwsitlon  and  mutual  pressure. 
No  inferior  Mammal  now  presents  this  character ; but  its  im- 
jrortanee,  as  associated  with  the  j)eculiar  attributes  of  the  human 
organisation,  has  been  somewhat  diminishe<l  by  the  discovery  of 
a like  contiguous  arrangement  of  the  teeth  in  the  jaws  of  a few 
extinct  quadnij)ctls ; e.g.,  Anopluthrriitm,  Nrsodon,  and  Dichudon.'* 

' xx\—.  vol.  i.  p.  1S5.  » ci.xxx.  fig.  l.W. 
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The  teeth  in  Mammals,  as  in  the  foregoing  classes,  are  formed 
by  superaddition  of  the  hardening  salts  to  pre-existing  moulds  of 
animal  pulp  or  membrane,  organised  so  as  to  insure  the  arrange- 
ment of  the  earthy  particles  according  to  that  pattern  which  cha- 
racterises each  constituent  texture  of  the  tooth,  together  with  a 
course  of  vitalising  plasma  through  its  tissue. 

The  complexity  of  the  primordial  basis,  or  ‘matrix,’  corre- 
sponds, therefore,  with  that  of  the  fully-formed  tooth,  and  is 
least  remarkable  in  those  conical  teeth  which  consist  only  of 
dentine  and  cement.  The  primary  pulp,  fig.  129,  «*,  which 
first  ap|>ear8  as  a papilla  rising  from  the  free  surface  of  the 
alveolar  gum,  is  the  part  of  the  matrix  which,  by  its  calcification, 
constitutes  the  dentine.  In  simple  teeth,  the  secondary,  or 
enamel  pulp,  covers  the  dentinal  pulp  like  a cap ; in  complex 
teeth  it  sends  processes  into  depressions  of  the  coronal  part  of  the 
dentinal  pulp,  which  vary  in  depth,  breadth,  direction,  and 
number,  in  the  different  groups  of  the  herbivorous  and  omni- 
vorous quadrupeds.  The  dentinal  pulp,  thus  penetrated,  offers 
corresponding  complications  of  form ; and,  as  the  capsule  follows 
the  enamel  pulp  in  ail  its  folds  and  processes,  the  external  cavities 
or  interspaces  of  the  dentine  become  occupied  by  enamel  and 
cement — the  cement,  like  the  eapsule  which  formed  it,  being  the 
outermost  substance,  fig.  237,  c,  and  the  enamel,  ib.  e,  being  in- 
terposed between  it  and  the  dentine,  ib.  rf.  The  dental  matrix 
]>resent8  the  most  extensive  interdigitation  of  the  dentinal  and 
enamel  pul()s  in  the  Wart-hog,  Capybara,  and  Elephant. 

The  matrix  of  the  mammalian  t<x>th  sinks  into  a furrow,  and 
soon  becomes  inclosed  in  a cell  in  the  substance  of  the  jaw-bone, 
from  which  the  crown  of  the  growing  tooth  extricates  itself  by 
exciting  the  absorbent  process,  whilst  the  cell  is  deepened  by  the 
same  process,  and  by  the  growth  of  the  jaw,  into  an  alveolus  for 
the  root  of  the  tooth.  Where  the  formative  parts  of  the  tooth 
are  reproduced  indefinitely,  to  repair,  by  their  progressive  calcifi- 
cation, the  waste  to  which  the  working  surface  of  the  crown  of 
the  tooth  has  been  subject,  the  alveolus  is  of  unusual  depth,  and 
of  the  same  form  and  diameter  throughout,  figs.  215  and  216, 
except  in  the  immature  animal,  when  it  widens  to  its  bottom  or 
base.  In  teeth  of  limited  growth,  the  dentinal  pulp  is  reproduced 
in  progressively  decreasing  quantity  after  the  completion  of  the 
exterior  wall  of  the  crown,  and  forms,  by  its  calcification,  one  or 
more  roots  or  fangs,  which  taper  to  their  free  extremity.  The 
alveolus  is  closely  moulded  upon  the  implanted  part  of  the  tooth ; 
and  it  is  worthy  of  s|)ccial  remark,  that  the  complicated  form  of 
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socket,  fig.  256,  which  results  from  the  development  of  two  or 
more  fangs,  is  peculiar  to  animals  of  the  class  Mammalia. 

In  the  formation  of  a single  fang,  the  activity  of  the  reproduc- 
tive process  becomes  enfeebled  at  the  circumference,  and  is  pro- 
gressively contracted  within  narrower  limits  in  relation  to  a single 
centre,  until  it  ceases  at  the  completion  of  the  apex  of  the  fang, 
which,  though  for  a long  time  perforated  for  the  admission  of  the 
vessels  and  nerves  to  the  interior  of  the  tooth,  is,  in  many  cases, 
finally  closed  by  the  ossification  of  the  remaining  part  of  the 
capsule. 

When  a tooth  is  destined  to  be  implanted  by  two  or  more 
fangs,  the  reproduction  of  the  pulp  is  restricted  to  two  or  more 
parts  of  the  base  of  the  coronal  portion  of  the  pulp,  around  the 
centre  of  which  parts  the  sphere  of  its  reproductive  activity  is 
progressively  contracted.  The  intervening  parts  of  the  base  of 
tbe  coronal  pulp  adhere  to  the  capsule,  which  is  simultaneously 
calcified  with  them,  covering  those  parts  of  the  base  of  the  crown 
of  the  tooth  with  a layer  of  cement.  The  ossification  of  the  sur- 
rounding jaw,  being  governed  by  the  changes  in  the  soft  but 
highly  organised  dental  matrix,  fills  up  the  spaces  unoccupied  by 
the  contracted  and  divided  pulp,  and  affords,  by  its  periosteum,  a 
surface  for  the  adhesion  of  the  cement  or  ossified  capsule  covering 
the  completed  part  of  the  tooth. 

The  matrix  of  certain  teeth  docs  not  give  rise,  during  any 
periwl  of  their  formation,  to  the  germ  of  a second  tooth,  destined 
to  succeed  the  first.  This,  therefore,  when  completed  and  worn 
do^vn,  is  not  replaced;  all  the  true  Cetacea  are  limited  to  this 
simple  provision  of  teeth.  In  the  Armadillos,  Megatherioids,  and 
Sloths,  the  want  of  germinative  power,  as  it  may  be  called,  in  the 
matrix,  is  compensated  by  its  persistence,  and  the  consequent  un- 
interrupted growth  of  the  teeth.  In  most  other  Mammals,  the 
matrix  of  certain  of  the  first  developed  teeth  gives  origin  to  the 
germ  of  a second  tooth,  which  displaces  its  predecessor  and  parent. 
All  those  teeth  which  are  so  displaced  are  called  temporary,  de- 
ciduous, or  milk  teeth,  fig.  293,  d i,  d i— ».  The  mode  and  direc- 
tion in  which  they  are  displaced  and  succeeded,  namely  from  below 
upward  in  the  lower  jaw,  in  both  jaws  vertically,  are  the  same 
as  in  the  crociKlilc ; but  the  process  is  never  repeated  more  than 
once  in  the  prc.sent  class.  A considerable  proportion  of  the  dental 
series  is  thus  changed ; the  second,  or  permanent  teeth,  ib. 
i \-j],  2~t,  having  a size  and  form  as  suitable  to  the  jaws  of  the 
adult  as  the  displaced  temporary  teeth  were  adapted  to  those  of 
the  young  animal.  Those  ])ermancnt  teeth,  ib.  m \-m  a,  which 
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mjfeume  places  not  previously  occupied  by  deciduous  ones,  may  be 
regarded  as  a continuation  of  that  series,  and  are  posterior  in  their 
posirion ; they  are  generally  the  most  complex  in  their  form.  The 
successors  of  the  deciduous  incisors  and  canines  dider  from  them 
chiefly  in  size.  The  successors  of  the  deciduous  molars  may  difler 
likewise  in  shape,  in  which  case  they  have  less  complex  crowns 
than  their  predecessors.  The  ‘ bicuspids  ’ in  Anthropotomy,  fig. 
2o8,  p 3,  p A,  and  the  corresponding  teeth  called  ‘ premolars  ’ in 
lower  mammals,  fig.  293,  p s— i,  illustrate  this  law. 

The  ^lammalian  class  might  be  divided,  in  regard  to  the  succes- 
sion of  the  teeth,  into  two  groups — the  MonophyodonU,  or  those 
that  generate,  as  a rule,  one  set 
of  teeth,  and  the  Diphyodonts, 
or  those  that  generate  two  sets 
of  teeth.'  The  Monophyodonts 
include  the  Monotremata,  Ceta- 
cea and  Bruta\  all  the  other 
orders  arc  Diphyodonts. 

The  teeth  of  Mammalia,  espe- 
cially of  the  Diphyodonts,  have 
usually  so  much  more  definite 
and  complex  a form  than  those 
of  fishes  and  reptiles,  that  three 
parts  are  recognised  in  them : the 
fang  or  root  {radix,  fig.  210,/) 
is  the  inserted  part ; the  crown 
{corona,  ib.  k)  is  the  exposed 
part ; and  the  constriction  which 
divides  these  is  called  the  neck 
(cervix,  ib.  n).  The  term  ‘fang’ 
is  properly  given  only  to  the 
implanted  part  of  a tooth  of  re- 
stricted growth,  which  fang  gradually  tapers  to  its  extremity. 
Those  teeth  which  grow  uninterruptedly,  fig.  236,  have  not  their 
exposed  part  separated  by  a neck  from  their  implanted  part,  and 
this  generally  maintains  to  its  extremity  the  same  shape  and  size 
as  the  crown. 

It  is  peculiar  to  the  class  Mammalia  to  have  teeth  implanted  in 
sockets  by  two  or  more  fangs,  figs.  256,  293 ; but  this  can  only 
happen  to  teeth  of  limited  growth,  and  generally  characterises  the 
molars  and  premolars  : perpetually  growing  teeth  require  the  base 
to  be  kept  simple  and  widely  excavated  for  the  persistent  pulp, 
figs.  215  and  216.  In  no  mammiferous  animal  does  anchylosis 

• Vol.  ii.  p.  268. 
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of  the  tooth  with  the  jaw  constitute  a normal  mode  of  attach- 
ment. Each  tooth  has  its  particular  socket,  to  which  it  firmly 
adheres  by  the  close  co-adaptation  of  their  opposed  surfaces,  and 
by  the  firm  adhesion  of  the  alveolar  periosteum  to  the  organised 
cement  which  invests  the  fang  or  fangs  of  the  tooth. 

True  teeth  implanted  in  sockets  are  confined  to  the  maxillary, 
premaxillary,  and  mandibular  or  lower  maxillary  bones,  and  form 
a single  row  in  each.  They  may  project  only  from  the  premax- 
illary, as  in  the  Narwhal,  or  only  from  the  lower  maxillary  as  in 
the  Ziphius ; or  be  apparent  only  in  the  lower  jaw,  as  in  the 
Cachalot ; or  be  limited  to  the  superior  and  inferior  maxillaries, 
and  not  present  in  the  premaxillaries,  as  in  the  true  Ruminants 
and  most  Bruta. 

Mammalian  teeth  usually  consist  of  hard  unvascular  dentine, 
fig.  210,  d,  defended  at  the  crown  by  an  investment  of  enamel, 
ib.  e,  and  everywhere  surrounded  by  a coat  of  cement,  ib.  c. 
The  coronal  cement  is  of  extreme  tenuity  in  Man,  Quadrumana, 
and  terrestrial  Carnivora;  it  is  thicker  in  the  Herbivora,  espe- 
cially in  the  complex  grinders  of  the  Elephant,  fig.  289,  and  is 
thickest  in  the  teeth  of  the  Sloth,  Megatherium,  Dugong,  Walrus, 
and  Cachalot.  Vertical  folds  of  enamel  and  cement  penetrate  the 
crown  of  the  tooth  in  most  Rodents  and  Ungulates,  characterising 
by  their  various  forms  the  genera ; but  these  folds  never  converge 
from  equidistant  points  of  the  circumference  of  the  crown  towards 
its  centre.  The  teeth  of  Bruta  have  no  true  enamel;  this  is 
absent  likewise  in  the  molars  of  the  Dugong  and  of  the  fully  de- 
veloped teeth  of  the  Cachalot.  The  tusks  of  the  Narwhal,  Walrus, 
Dinothere,  Mastodon,  and  Elejdiant,  consist  of  modified  dentine, 
which,  in  the  last  two  great  proboscidian  animals,  is  properly 
called  ‘ ivory,’  and  is  covered  by  cement. 

The  Dolphins  and  Annadillos  present  little  variety  in  the  shape 
of  the  teeth  in  the  same  animal,  and  this  samene.ss  of  form  is 
characteristic  of  Monophyodonts ; subject,  like  the  succcssional 
character,  to  such  exceptions  as  are  exemplified  in  Cholapus 
didactylus,  fig.  215,  and  in  Dasypus  9-cinctiis,  the  milk-teeth  of 
which  are  figured  in  cxxxii",  p.  254. 

In  most  other  Mammals  particular  teeth  have  special  fonns  for 
special  uses : thus  the  front  teeth,  from  being  commonly  adapted 
to  effect  the  first  coarse  division  of  the  food,  have  been  called 
cutters  or  incisors ; and  the  back  teeth,  which  complete  its  com- 
minution, grinders  or  molars : large  conical  teeth,  situated  behind 
the  incisors,  and  adapted  by  being  nearer  the  insertion  of  the 
biting  muscles,  to  act  with  greater  force,  are  called  holders, 
tearers,  laniaries,  or  more  commonly  canine  teeth,  from  being  well 
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developed  in  the  dog  and  other  Carnivora,  although  they  are 
given,  likewise,  to  many  vegetable  feeders  for  defence  or  combat ; 
e.  g..  Musk-deer.  Molar  teeth,  which  are  adapteil  for  mastica- 
tion, have  either  tuberculate,  or  ridged,  or  flat  summits,  and 
usually  are  cither  surrounded  by  a ridge  of  enamel,  or  are  tra- 
versed by  similar  ridges  arranged  in  various  patterns.  Certain 
molars  in  the  Dugong,  the  Mylodon,  and  the  Zcuglodon,  are  so 
deeply  indented  laterally  by  opposite  longitudinal  grooves,  as  to 
ap|>ear,  when  abraded,  to  be  comjwsed  of  two  cylindrical  teeth 
cemented  together,  and  the  transverse  section  of  the  crown  is 
bilobed.  The  teeth  of  the  Glyptodon  were  fluted  by  two  analogous 
grooves  on  each  side,  flg.  214.  The  large  molars  of  the  Capybara 
and  Elephant  have  the  crown  cleft  into  a numerous  series  of  com- 
pressed transverse  plates,  cemented  together  side  by  side.  The 
modifleations  of  the  crown  of  the  molar  teeth  are  those  that  are 
must  intimately  related  to  the  kind  of  food  of  the  animal  possess- 
ing them.  Thus,  in  the  purely  carnivorous  mammals,  the  prin- 
cipal molars  are  simple,  trenchant,  and  play  upon  each  other  like 
scisBor-blades.  In  the  mixed  feeding  species,  the  working  surface 
of  the  molars  becomes  broader  and  tuberculated  ; in  the  insectivo- 
rous species  it  is  bristled  with  sharj)  points ; and  in  the  purely 
herbivorous  kinds,  the  flat  grinding  surface  of  the  teeth  is  com- 
plicated by  folds  and  ridges  of  the  enamel  entering  the  substance 
of  the  tooth,  the  most  complex  forms  being  presented  by  the 
Elephants. 

§ 219.  Teeth  of  Monophyodonts.  A.  Monolremata. — The  sub- 
stances serving  for  teeth  in  the  Onii-  an 

thorhynchus  are  of  a homy  texture, 
consisting  of  close-set,  vertical  hollow 
tubes,  resembling  the  outer  compact 
tissue  of  baleen  or  ‘ whalebone.’  They 
are  eight  in  number,  four  in  the  upper, 
and  as  many  in  the  under  jaw.  The 
anterior  tooth  of  the  upper  jaw  is  ex- 
tended from  behind  forward,  but  is  low, 
very  narrow,  and  four-side<l.  The 
corresponding  tooth  in  the  lower  jaw, 
fig.  211,  b,  is  rather  narrower,  and 
retains  longer  its  trenchant  edge.  At 
a distance  from  the  anterior  tooth,  equal 
to  ito  own  length,  is  situated  the  homy  “•*  on-iu-nrhyncm., 

molar,  ib.  c,  which  consists  of  a flattened  plate  of  an  oblong  sub- 
quadrate figure.  The  corresponding  tooth  in  the  lower  jaw  is 
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»oniewliat  narrower,  but  of  simple  form.  Kach  division  or  tubercle 
of  the  molar  is  separately  developed,  and  they  become  confluent 
in  the  course  of  growth.  According  to  the  analysis  of  Lassaigne, 
99‘5  jMirts  of  the  dental  tissue  of  the  Ornithorhynchus  have  the 
composition  of  horn ; this  is  hardened  by  0'3  parts  of  phosphate 
of  lime. 

The  notice  of  tlie  dental  apparatus  of  the  Monotremes  ought  to 
include  mention  of  the  two  short  and  thick  conical  processes,  fig. 
2\2,  g,  g,  which  project  from  the  forepart  of  the  raised  intermolar 
])ortion  of  the  tongue,  in  the  Ornithorhynchus  ; and  like  the  more 
numerous  spines  on  the  corresponding  part  of  the 
tongue  of  the  Echidna,  represent,  in  these  low- 
organised  mammals,  the  lingual  teeth  of  fishes. 

B.  Bruta. — The  teeth  of  the  Orycterope,  or 
Cape  Ant-eater,  are  of  a simple  form,  but  pecu- 
liar structure ; their  common  number  in  the 
mature  animal  is  = 26,  and  they  all  belong  to 
the  molar  scries.  The  first  and  smallest  is  soon 
lost.  The  pixiportions  of  the  persistent  teeth, 
the  depth  of  their  sockets,  and  their  structure, 
ns  viewed  in  longitudinal  section  with  the  naked 


21.1 
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eye,  are  shown  in  fig.  213.  The  teeth  are  continued,  solid,  and  of 
the  same  dimensions,  to  the  bottom  of  the  socket,  and  terminate  in 
a truncate  and  undivided  base.  If  each  be  viewed  as  an  aggre- 
gate of  teeth,  as  partially  shown  in  fig.  247,  vol.  i.,  p.  396,  it 
will  be  found  that  the  coinjKinent  denticle  has  its  base  excavated 
by  a conical  pulp-cavity,  as  in  other  animals,  and  which  is  persis- 
tent, as  in  the  rest  of  the  order  Bruta,  The  wide  inferior  a|)er- 
tures  of  these  pulp-cavities  constitute  the  pores  observable  on  the 
base  of  the  compound  tooth  of  the  Orycterope,  and  give  to  that 
part  a close  resemblance  to  the  section  of  a cane.  The  canals  to 
which  these  pores  lead  are  the  centres  of  radiation  of  the  dentinal 
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tubes ; such  denticles  are  cemented  together  laterally,  ib.  c, 
slightly  decreasing  in  diameter,  and  occasionally  bifurcating  as 
they  approach  the  grinding  surface  of  the  tootL  The  substance 
of  the  entire  tooth  thus  resembles  the  teeth  of  the  Myliobates  and 
Chimeeroids  among  fishes,  rather  than  any  in  the  Mammalian 
class,  in  ^vhich  it  offers  a transitional  step  from  the  homy  dental 
substitutes,  above  described,  to  the  true  teeth. 

The  teeth  of  the  Orycteropuf,  when  rightly  understood,  offer, 
however,  no  anomaly  in  their  mode  of  formation.  Each  denticle 
is  developed  according  to  the  same  laws,  and  by  as  simple  a 
matrix,  as  those  larger  teeth  in  other  mammals  which  consist 
only  of  dentine  and  cement.  The  dentine  is  formed  by  calcifica- 
tion of  the  pulp,  the  cement  by  ossification  of  the  capsule ; both 
pulp  and  capsule  continue  to  be  reproduced  at  the  bottom  of  the 
alveolus,  pari  passu  with  the  attrition  of  the  exposed  crown  ; and 
the  mode  and  time  of  growth  being  alike  in  each  denticle,  the 
whole  compound  tooth  is  maintained  thoughout  the  life  of  the 
animal.  The  augmentation  in  the  size  of  the  whole  tooth,  during 
the  growth  of  the  jaw,  is  effected  by  the  development  of  new 
denticles,  and  a slight  increase  of  size  in  the  old  ones,  at  the  base 
of  the  growing  tooth,  which,  in  the  progress  of  attrition  and 
growth,  becomes  its  grinding  surface. 

The  teeth  of  the  Armadillo-tribe  are  harder  than  those  of  other 
species  of  Bruta,  the  unvascular  dentine  being  present  in  greatest 
proportion,  and  forming  the  main  body  of  the  tooth  ; it  includes  a 
small  central  axis  of  vascular  dentine,  and  is  surrounded  by  an 
extremely  thin  coating  of  cement.  The  numerous  teeth  in  Priodon 
are  of  very  small  size  and  simple  form,  and  are  all  referable  to 
the  molar  series.  They  vary  in  number  from  twenty-four  to 
twenty-six  in  each  upper  jaw,  and  from  twenty-two  to  twenty-four 
on  each  side  of  the  lower  jaw,  amounting  to  from  ninety-four  to 
one  hundred  in  total  number.  The  Armadillos  of  the  sub-genus 
Euphractus,  Wagler,  are  distinguished  by  having  the  anterior 
tooth,  which  is  shaped  like  the  succeeding  molar, 
implanted  in  the  premaxillary  bone.  The  two 
anterior  teeth  of  the  lower  jaw  being  in  advance 
of  the  premaxillary  tooth,  are,  with  it,  arbitrarily 
held  to  be  incisors. 

Some  species  of  the  extinct  loricate  genus, 

Glyptodon,  surpassed  the  Rhinoceros  in  size, 
and  the  dentition  was  more  complicated,  and  (owadMciawipu). 
more  adapted  to  a vegetable  diet,  than  that  of  the  small  existing 
Armadillos.  The  osteo-dentine,  fig.  214,  o,  occupied  a larger 
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proportion  of  the  centre  of  the  tooth,  and  being  harder  than 
the  dentine,  d,  or  cement,  c,  rose  upon  the  grinding  surface, 
in  the  form  of  a ridge  extending  along  the  middle  of  the  long 
axis  of  that  surface,  and  in  three  shorter  ridges  at  right  angles  to  - 
the  preceding,  at  the  middle  of  each  of  the  three  rhomboidal 
divisions  of  the  tooth. 

Of  the  leaf-eating  species  of  the  order  Bruta,  very  few,  and 
these  the  most  diminutive  of  the  tribe,  now  exist  The  following 
are  the  characters  of  their  dentition,  both  recent  and  extinct ; — 
Teeth  implanted  in  the  maxillary  and  mandibular  bones,  few  in 
number,  not  exceeding  ; composed  of  a large  central  axis  of 
vaso-dentine,  with  a thin  investment  of  hard  dentine,  and  a thick 
outer  coating  of  cement : to  these  add  the  dental  characters 
common  to  the  order  Bruta,  viz.,  uninterrupted  growth,  and  con- 
comitant implantation  by  a simple,  deeply-excavated  base. 

In  the  two-toed  sloth  {Ckolapus  didactylus,  IWig.)  the  teeth, 
fig.  215,  offer  a greater  inequality  of  size  than  has  yet  been 

observed  in  any  other  genus  of  Bruta ; 
the  first  of  each  series,  i,  in  both  jaws, 
which  in  the  rest  of  the  order  is  the 
smallest,  here  so  much  exceeds  the 
others  as,  with  its  peculiar  form,  to 
have  received  the  name  of  a canine. 
This  tooth  is  separated  by  a marked 
interval  from  the  other  teeth,  2-5,  es- 
pecially in  the  upper  jaw,  so  that  i-i 
above  play  upon  the  anterior  part  of 
those  below,  contrary  to  the  relative 
position  and  mutual  action  of  the  true 
canine  teeth  in  the  Quadrumana  and 
Carnivora. 

The  teeth  of  the  Megatherium,  the 
most  gigantic  of  the  extinct  quadru- 
peds of  the  Sloth  tribe,  are  five  in  number  on  each  side  of 
the  upper  jaw,  fig.  216,  and  four  on  each  side  of  the  lower  jaw. 
They  are  deeply  implanted  with  narrow  intervals : each  is  exca- 
vated by  an  unusually  extensive  pulp-cavity,  ib.  p,  from  the  apex 
of  which  a fissure  is  continued  to  the  middle  depression  of  the 
grinding  surface  of  the  tooth.  The  central  axis  of  vaso-dentine,  v, 
is  surrounded  by  a thin  layer  of  hard  or  unvascular  dentine,  d,  and 
this  is  coated  by  the  cement,  c,  which  is  of  great  thickness  on  the 
anterior  and  posterior  surfaces,  but  is  thin  where  it  covers  the 
outer  and  inner  sides  of  the  tooth.  The  vaso-dentine,  v,  fig.  238, 
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toL  L p.  361,  is  traversed  throughout  by  medullary  canals, 
measuring  ixcr  diameter,  continued  from  the  pulp- 

cavity,  and  anastomosing  in  pairs  by  a loop,  the  convexity  of  which 
is  turned  towards  the  origin  of  the  tubes  of  the  hard  dentine,  t. 


216 


firctloo  of  appcT  jaw  and  t«cth  of  the  Mrrathf riam.  Onr-ihlnl  nai. 


The  cement,  ib.  c,  is  characterised  by  the  size,  number,  and 
regularity  of  the  vascular  canals  which  traverse  it  in  a direction 
slightly  inclined  from  the  transverse  axis  toward  the  crown  of  the 
tooth,  running  parallel  to  each  other,  and  anastomose  in  loops, 
the  convexity  of  which  is  directed  toward  the  hanl  dentine. 

The  tooth  of  the  Megatherium  offers  an  unequivocal  example 
of  a course  of  nutriment  from  the  dentine  to  the  cement,  and  reci- 
procally. All  the  constituents  of  the  blood  freely  circulated 
through  the  vascular  dentine  and  the  cement,  and  the  vessels  of 
each  substance,  intercommunicated  by  a few  canals,  continued 
across  the  hard  or  unvascular  dentine.  The  minuter  tubes,  which 
peiwade  every  part  of  the  tooth,  characterising  by  their  difference 
of  length  and  course  the  three  constituent  substances,  form  one 
continuous  and  freely  intercommunicating  system  of  strengthening 
and  reparative  vessels,  by  which  the  plasma  of  the  blood  was  dis- 
tributed throughout  the  entire  tooth,  for  its  nutrition  and  main- 
tenance in  a healthy  state. 

The  grinding  surface  of  the  close-eet  molars  of  the  Megatherium 
differs  on  account  of  the  greater  thickness  of  the  cement  on  their 
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anterior  and  posterior  surfaces,  from  those  of  all  the  smaller 
Megatherioids,  in  presenting  two  transverse  ridges,  fig.  216,  d\ 
one  of  the  sloping  sides  of  each  ridge  being  formed  by  the  cement, 
c,  the  other  by  the  vascular  dentine,  r,  whilst  the  unvascular  den- 
tine, d,  as  the  hardest  constituent,  forms  the  summit  of  the  ridge 
like  the  plate  of  enamel  between  the  dentine  and  cement  in  the 
Elephant’s  grinder.  The  great  length  of  the  teeth,  and  concomi- 
tant depth  of  the  jaws,  the  close-set  series  of  the  teeth,  and  the 
narrow  palate,  are  also  strong  features  of  resemblance  between 
the  Megatherium  and  Elephant  in  their  dental  and  maxillary 
organisation.  In  both  these  gigantic  phyllophagous  quadrupeds 
provision  has  likewise  been  made  for  the  maintenance  of  the  grind- 
ing machinery  in  working  order  throughout  their  prolonged  exis- 
tence : but  the  fertility  of  the  creative  resources  is  well  displayed 
by  the  different  modes  in  which  this  provision  has  been  effected  ; 
in  the  Elephant,  it  is  by  the  formation  of  new  teeth  to  supply  the 
place  of  the  old  when  worn  out ; in  the  Megatherium,  by  the 
constant  repair  of  the  teeth  in  use,  to  the  base  of  which  new 
matter  is  added  in  proportion  as  the  old  is  worn  away  from  the 
crown.  Thus,  the  extinct  Megatherioids  had  both  the  same  struc- 
ture and  mode  of  growth  and  renovation  of  their  teeth  as  are 
manifested  in  the  present  day  by  the  diminutive  Sloths. 

C.  Cetacea.  Those  Mammals  which  are  properly  called  ‘ Whales’ 
have  no  teeth,  but  homy  substitutes  in  the  form  of  plates,  termi- 
nating or  fringed  by  bristles.  Of  these  plates,  called  ‘ baleen  ’ and 
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‘ whalebone,’  fig.  217,6,  the  largest,  which  are  of  an  inequilateral 
triangular  form,  are  arranged  in  a single  longitudinal  series  on 
each  side  of  the  upper  jaw,  situated  pretty  close  to  each  other, 
depending  vertically  from  the  maxillary  bones,  with  their  flat 
surfaces  looking  backward  and  forward,  and  their  unattached 
margins  outward  and  inward,  the  direction  of  their  interspaces 
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being  nearly  transverse  to  the  axis  of  the  skull.  The  subsidiary 
plates  are  arranged  in  oblique  series  internal  to  the  marginal  ones. 
Thus,  if  the  upper  jaw  of  one  side  of  the  skull  of  a Whale  were 
bisected  transversely,  the  flat  surface  of  a series  of  the  baleen- 
plates  would  be  exposed,  as  in  fig.  218,  in  which  a is  the  superior 
maxillary  bone,  b the  ligamen- 
tous gum,  giving  attachment  to  c 
the  homy  base  and  body  of  the 
chief  baleen-plate,  which  termi- 
nates in  d,  the  fringe  of  bristles  ; 
e marks  the  smaller  baleen-plates. 

The  base  of  each  plate  is  hol- 
low, and  is  fixed  upon  a pulp 
developed  from  a vascular  gum, 
which  is  attached  to  a broad  and 
shallow  depression  occupying  the 
whole  of  the  palatal  surface  of 
the  maxillary  and  of  the  anterior 
part  of  the  palatine  bones,  the 
Whale  being  thus,  like  the 
Echidna,  an  exampleof  a mamma- 
lian animal,  which  may  be  said  to 
have  palatal  teeth.  The  base  of 
each  plate  is  unequally  imbedded 
in  a compact  sub-elastic  sub- 
stance, h,  which  is  so  much  deeper 
on  the  outer  than  on  the  inner 
side,  as,  in  the  new-born  whale, 
to  include  more  than  one  half  of 
the  outer  margin  of  the  baleen-plate.  This  margin  is  shown  at  c, 
fig.  218,  and  is  continued  down  in  a line  dropped  nearly  vertically 
from  the  outer  border  of  the  jaws.  The  inner  margin  of  each  plate, 
d,  slopes  obliquely  outward  from  the  base  to  the  extremity  of  the 
preceding  margin ; the  smaller  plates  decrease  in  length  to  the 
middle  line  of  the  palate,  so  that  the  form  of  the  baleen-clad 
roof  of  the  mouth  is  that  of  a transverse  arch  or  vault,  against 
which  the  convex  dorsum  of  the  thick  and  large  tongue,  fig. 
217,  a,  is  applied  when  the  mouth  is  closed.  Each  plate  sends 
off  from  its  inner  and  oblique  margin  the  fringe  of  moderately 
stiff  but  flexible  hairs,  which  project  into  the  mouth.  These 
present  an  obstacle  to  the  escape  of  the  small  marine  ani- 
mals,' for  the  prehension  and  detention  of  which  this  singular 

* C/io  bortalir,  Limarina  art/<ra,  and  small  pelagic  Crastacea. 


Section  of  Upper  Jmw,  with  Baleeo*pUtat,  of  m 
Wh«le  {BuUmopter^). 
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modification  of  the  dental  system  is  especially  adapted.  The 
baleen-pulp  is  situated  in  a cavity  at  the  base  of  the  plate,  like 
the  pulp  of  a true  tooth  ; whilst  the  external  cementing  material 
maintains,  both  with  respect  to  this  pulp  and  to  the  portion  of  the 
baleen-plate  which  it  develops,  the  same  relations  as  the  dental 
capsule  bears  to  the  tooth.  According  to  these  analogies,  it 
must  follow,  that  only  the  central  fibrous  or  tubular  portion  of 
the  baleen-plate  is  formed,  like  the  dentine,  by  the  basal  pulp, 
and  that  the  base  of  the  plate  is  not  only  fixed  in  its  place  by  the 
cementing  substance  or  capsule,  but  must  also  receive  an  acces- 
sion of  horny  material  from  it  answering  to  the  cement  of  true  teeth. 

In  Dalana  mysticetus  there  are  about  200  large  marginal 
plates  on  each  side,  from  10  to  14,  rarely  15,  feet  in  length, 
and  about  1 foot  in  breadth  at  their  base ; these  plates  are 
overlapped  and  concealed  by  the  under  lip  when  the  mouth  is 
shut.  In  the  Ralmnopttra:  or  fin-backed  whales,  figs.  217,  218, 
the  baleen-processes,  e,  internal  to  the  marginal  plates,  are  fewer 
and  smaller  than  in  the  Dalana ; the  marginal  plates,  c,  are  more 
numerous,  excceditig  300  on  each  side ; they  are  broader  in  pro- 
portion to  their  length,  and  much  smaller  in  proportion  to  the 
entire  animal ; they  are  also  more  bent  in  the  direction  transverse 
to  their  long  axis. 

A thin  transverse  section  of  baleen,  viewed  with  a low  mag- 
nifying power,  demonstrates  that  the  coarse  fibres,  a.s  they  seem 
to  the  naked  eye,  which  fonn  the  central  substance,  are  hollow 
tubes  with  concentric  laminated  walls.  When  a high  magnifying 
power  is  applied  to  such  a section,  the  concentric  lines  are  shown 
not  to  be  uniform,  but  interrupted  here  and  there  by  minute 
elliptical  dilatations,  which  arc  commonly  more  opaque  than  the 
surrounding  substance,  and  which,  like  the  radiated  cells  of  true 
bone,  are  probably  remains  of  the  primitive  cells  of  the  formative 
substance ; sinjilar  long  elliptical  opaque  bodies  or  cells  are  dis- 
I>er8ed  irregularly  through  the  straight  parallel  fibres  of  the  dense 
outer  lamin®  of  the  baleen-plate.  The  chemical  basis  of  baleen 
is  albumen  hardened  by  a small  proportion  of  phosphate  of  lime. 

The  Balanida,  before  they  acquire  their  peculiar  array  of 
baleen-plates,  manifest  in  their  foetal  age  a transitory  condition 
of  a true  dental  system,  abortive  and  functionless,  but  homologous 
with  that  which  is  nonnal  and  persistent  in  the  majority  of  the 
order.  In  an  open  groove  which  extends  along  the  alveolar  border 
of  both  the  upper  and  the  lower  jaws,  there  is  a scries  of  minute, 
conical,  acute  or  obtuse,  single  or  double,  denticles,  fig.  219,  with 
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TrmniU«>rj  deotlclcanf  Foul  Wbale 
Nat.  size. 


hollow  bases  inclosing  the  uncalcified  remains  of  a vascular  pulp. 

In  the  foetus  of  a lialcsnoptera,  the  jaws  of  which  were  about 

four  inches  in  length,  the  groove  of  the  upper  jaw  contained 

twenty-eight  such  teeth,  that  of  the 

lower  jaw  forty -two  : these  disappear 

before  birth.  The  foetal  Whale  exeni- 

plifies  the  earliest  stage  of  dental  de-  liv 

velopraent  in  the  higher  Mammals,  Tr.n.u..r,  dentici.. -.f  r«ui  whi» 

retaining  the  open  fissure  which  in 

them  is  rapidly  closed. 

The  great  Bottle-nose  or  bident  Whale  offers  a transitional 
grade  between  the  true  Whales  and  the  typical  Delphinida.  The 
foetal  denticles  do  not  all  perish,  but  two  or  three  of  the  anterior 
pairs  acquire  a large  size  as  compared  with  their  transitory  repre- 
sentatives in  the  Balanida — and  one  of  these  pairs  is  long  retained 
in  the  lower  jaw,  though  functionless,  and  hidden  by  the  gum. 

In  the  Narwhal  (Monodon  monoceroi),  two  of  the  primitive 
dental  germs  at  the  forepart  of  the  upper  jaw  proceed  in  their  de- 
velopment to  a greater  extent  than  do  those  in  the  lower  jaw  of  the 
Hyperobdon  ; but  every  other  trace  of  teeth  is  soon  lost.  The  two 
persistent  matrices  rapidly  elongate,  but  in  the  retrograde  direc- 
tion, forming  a long  fang  rather  than  a crown  ; each  tooth  sinks 
into  a horizontal  alveolus  of  the  premaxillary  bone,  or,  rather,  at 
the  junction  of  the  prema.xillary  with  the  maxillary,  and  soon,  by 
the  forward  growth  of  these  bones,  becomes  wholly  inclosed,  fig. 
220,  a,  like  the  germs  of  the  teeth  of  higher  Mammals  at  their 
second  stage  of  development.  In  the  female  Narwhal,  the  pulp  is 
here  exhausted,  the  cavity  of  the  tooth  is  obliterated  by  its  ossi- 


fication, further  development  ceases,  and  the  two  teeth  remain 
concealed  as  abortive  germs  in  the  substance  of  the  jaws  for  the 
rest  of  life.  In  the  male,  the  matrix  of  the  tooth  in  the  left  pre- 
maxillaiy,  ib.  b,  continues  to  enlarge ; fresh  pulp-material  is  pro- 
gressively added,  which  by  its  calcification  elongates  the  base, 
protrudes  the  apex  from  the  socket,  and  the  tusk  continues  to 
grow  until  it  acquires  the  length  of  nine  or  ten  feet,  with  a basal 
diameter  of  four  inches.  This  is  that  famous  ‘ horn  ’ which  figures 
on  the  forehead  of  the  heraldic  unicorn,  and  so  long  excited 
the  curiosity  and  conjectures  of  the  older  naturalists,  until 
Glaus  Wormius  made  an  end  of  the  fabulous  ‘ monocerologies  ’ 
by  the  discovery  of  the  true  nature  of  their  subject' 


‘ ci.x".  Linnacas  has  embalmed  the  old  idea  of  this  weapon  in  the  binomial 
Monodon  monocerot,  under  which  the  Xarwhal  is  entered  in  the  Systema  Natura. 
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The  exterior  of  the  long  tusk  is  marked  by  spiral  ridges,  which 
wind  from  within  forward,  upward,  and  to  the  left.  About  fourteen 
220  inches  is  implanted  in  the  socket ; 

it  tapers  gradually  from  the  base  to 
the  apex.  The  pulp-cavity,  as  shown 
in  the  longitudinal  section  of  the 
tusk,  in  tig.  220,  is  continued  nearly 
to  the  extreme  point,  but  is  of  vari- 
able width : at  the  base  it  forms  a 
short  and  wide  cone ; it  is  then  con- 
tinued fonvard,  as  a narrow  canal, 
along  the  centre  of  the  implanted 
part  of  the  tooth,  beyond  which  the 
cavity  again  expands  to  a width 
equalling  half  the  diameter  of  the 
tooth ; and  finally,  but  gradually, 
contracts  to  a linear  fissure  near  the 
apex.  Thus,  the  most  solid  and 
weighty  part  of  the  tooth  is  that 
which  is  implanted  in  the  jaw,  and 
nearest  the  centre  of  support,  whilst 
the  long  projecting  pait  is  kept  as 
light  as  might  be  compatible  with 
the  uses  of  the  tusk  as  a wcajwn  of 
attack  and  defence.  The  jwrtion  of 
pulp,  in  which  the  process  of  the 
calcification  has  been  arrested,  re- 
ceives its  vessels  and  nerves  by  the 
fissure  continued  from  the  basal  ex- 
pansion of  the  pulp-cavity.  In  a 
few  instances,  both  tusks  have  been 
seen  to  project  from  the  jaw. 

In  Delphinus  grisrus  the  dentition 
of  the  upper  jaw  is  transitory,  as  in 
Hgperomlon,  but  at  least  six  pairs  of 
teeth  rise  above  the  gum  and  actpiirc 
a full  development  at  the  forepart 
of  the  lower  jaw.  The  crowns  of 
these  teeth  soon  become  obtuse,  and 
their  duration  is  limited  ; aged  indi- 
viduals of  this  species  have  been 
taken  with  the  dentition  reduced  to 
ofiiicTuk.  two  teeth  in  the  lower  jaw. 
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The  outward  and  visible  dentition  of  the  great  Sperm-whale 
or  Cachalot  {Phyteter  macrocephalut)  is  confined  to  the  lower 
jaw.  The  series  consists  in  each  ramus  of  about  twenty-seven 
teeth.  In  the  young  they  are  conical  and  pointed ; usage  renders 
them  obtuse,  whilst  progressive  growth  expands  and  elongates 
the  base  into  a fang,  which  then  contracts,  and  is  finally  solidified 
and  terminated  obtusely.  The  teeth  are  separated  by  intervals 
as  broad  as  themselves.  The  mode  of  implantation  is  inter- 
mediate between  that  of  the  teeth  of  the  Ichthyosaurus,  and  of 
those  of  Delphinus.  They  are  lodged  in  a wide  and  moderately 
deep  groove,  imperfectly  divided  into  sockets,  the  septa  of  which 
reach  only  about  half-way  from  the  bottom  of  the  groove.  These 
sockets  are  both  too  wide  and  too  shallow  to  retain  the  teeth  in- 
dependently of  the  soft 'parts,  so  that  it  commonly  happens,  when 
the  dense  semi-ligamentous  gum  dries  upon  the  bone,  and  is 
stripped  off  in  that  state,  that  it  brings  away  with  it  the  whole 
series  of  the  teeth  like  a row  of  wedges  half-driven  through  a 
strip  of  board.  A firmer  implantation  would  seem  unnecessary 
for  teeth  which  have  no  opponents  to  strike  against,  but  which 
enter  depressions  in  the  opposite  gum  when  the  mouth  is  closed. 
That  gum,  however,  conceals  a few  persistent  specimens  of  the 
primitive  fcetal  series  of  teeth ; these  are  always  much  smaller 
and  more  curved  than  the  functional  teeth  of  the  lower  jaw,  of 
which  a section  is  given  in  fig.  239,  voL  i.  p.  362.  In  the  small 
snub-nosed  Cachalot  {Physeter  simus)  the  first  tooth  of  this  series 
is  exposed  in  the  front  of  the  upper  jaw.  ‘ 

The  first-formed  extremity  of  the  tooth  in  the  young  Cachalot 
is  tipped  with  enamel : when  the  summit  of  the  crown  has  been 
abraded,  the  tooth  consists  of  a hollow  cone  of  dentine,  ib.  d, 
coated  by  cement,  c,  and  more  or  less  filled  up  by  the  ossified 
pulp,  o.  Irregular  masses  of  this  fourth  substance  have  been 
found  loose  in  the  pulp-cavity  of  large  teeth.  The  external 
cement  is  thickest  at  the  junction  of  the  crown  and  base,  which 
are  not  divided  by  a neck. 

The  permanent  or  mature  dentition  of  the  Beluga  {Delphinus 
leucas,  Pall.),  though  scanty,  is  more  normal  than  in  the  Physeter, 
nine  functional  teeth  being  retained  on  each  side  of  the  upper 
jaw,  and  eight  in  each  ramus  of  the  lower  jaw.  They  present 
the  form  of  straight  subcompressed  obtuse  cones. 

The  most  formidable  dentition  is  that  of  the  predaceous 
Grampus  {Phoctena  area),  whose  laniariform  teeth  are  as  large  in 
proportion  to  the  length  of  the  jaws  as  in  the  crocodile ; they  are 
' xcix'.  p.  42,  pi.  12. 


Digitized  by  Googlc 


282 


ANATOMY  OF  VERTEBRATES. 


in  number  = ; all  fixed  in  deep  and  distinct  sockets,  sepa- 

rated by  interspaces  which  admit  of  the  close  interlocking  of  the 
upper  and  lower  teeth  when  the  mouth  is  closed  ; the  longest  and 
largest  teeth  are  at  the  middle  of  the  series,  and  they  gradually 
decrease  in  size  as  they  approach  the  ends,  especially  the  pos- 
terior one. 

In  the  common  Dolphin  the  number  of  teeth  amount  to  190, 
arranged  in  equal  numbers  above  and  below,  and  there  is  a pair 
of  teeth  in  the  premaxillaries  which  are  toothless  in  the  other 
Cetacea.  They  have  slender,  sharp,  conical,  slightly  incurved 
crowns,  and  diminish  in  size  to  the  two  extremes  of  the  dental 
series  ; the  acute  apices  are  longer  preserved  than  in  the  foregoing 
species. 

The  Gangetic  Dolphin  (Platanista  gangetica)  differs  from  the 
rest  of  the  Delphinida  scarcely  less  in  the  form  of  its  teeth  than 
in  that  of  the  jaws.  Both  the  upper  and  lower  maxillary  bones 
are  much  elongated  and  compressed  ; the  symphysis  of  the  lower 
jaw  is  coextensive  with  the  long  dental  series,  and  the  teeth  rise 
so  close  to  it  that  those  of  one  side  touch  the  others  by  their 
bases,  except  at  the  posterior  part  of  the  jaw.  The  lateral  series 
of  teeth  are  similarly  approximated  in  the  upper  jaw  at  the  me<lian 
line  of  union,  which  line  is  compelled,  by  the  alternate  position 
of  the  teeth,  to  take  a wavy  course.  There  arc  thirty  teeth  on 
each  side  of  the  upper  jaw,  and  thirty-two  on  each  side  of  the 
lower  jaw.  In  the  young  animal  they  are  all  slender,  com- 
pressed, straight,  and  sharp-jminted,  the  anterior  being  longer 
than  the  posterior  ones,  and  recurved.  Contrary  to  the  rule 
in  ordinary  Dolphins,  the  anterior  teeth  retain  their  prehensile 
structure,  while  the  posterior  ones  soon  have  their  summits 
worn  down  to  their  broad  bases : in  the  progress  of  their  growth 
the  implanted  base  is  elongated  antero-posteriorly,  its  outer 
surface  augmented  by  longitudinal  folds  analogous  to  those  in 
the  teeth  of  the  Sauroid  fishes.  Sometimes  the  posterior  tooth 
of  Platanista  has  the  base  divided  into  two  short  fangs,  the 
sole  example  of  such  a structure  which  I have  met  with  in  the 
existing  carnivorous  Cetacea.  In  the  Dolphins  of  the  South 
American  rivers  (Inia)  the  inner  side  of  the  tooth  expands  into  a 
crushing  tubercle. 

The  primitive  seat  of  the  development  of  the  tooth-matrix  i.s 
maintained  longer  in  the  Cetacea  than  in  other  Mammalia  ; a 
greater  portion  of  the  tooth  is  also  developed  before  the  matrix 
sinks  into,  or  is  surrounded  by,  a bony  alveolus ; and,  with  the 
exception  of  the  rudimental  tusks  in  the  Narwhal,  is  at  no  period 


Digitized  by  Google 


TEETH  OF  DIPHYODONTS. 


283 


entirely  closed  in  a bony  cell,  in  which  respect  the  Cetacea  offer 
an  interesting  analogy  to  tnie  fishes. 

§ 220.  Teeth  of  Diphyodonts.  A.  Sirenia. — Two  marks  of 
inferiority  in  the  dental  system  of  the  carnivorous  Cetacea,  which 
they  have  in  common  with  many  of  the  order  Bruta,  viz.  a general 
uniformity  of  shape  in  the  whole  series  of  teeth,  and  no  succession 
and  displacement  by  a second  or  permanent  set,  disapjiear  when  we 
commence  the  examination  of  the  dentition  of  those  apodal  pachy- 
derms which  were  called  by  Cuvier  the  Herbivorous  Cetacea. 

In  the  Dugong  (Halicore),  for  example,  we  find  incisors  dis- 
tinguished by  their  configuration  as  well  as  position  from  the 
molars,  and  the  incisive  tusk  is  deciduous,  displaced  vertically, 
and  succeeded  by  a permanent  tusk ; both  these  characters  are 
shown  in  fig.  160,  vol.  ii.  p.  281.  Of  the  incisors  of  the  Dugong, 
only  the  superior  ones  project  from  the  gum  in  the  male  sex,  and 
neither  upper  nor  lower  ones  are  visible  in  the  female.  The  supe- 
rior incisors,  ib.  t,  arc  two  in  number  in  both  sexes.  In  the  male 
they  are  moderately  long,  subtriedral,  of  the  same  diameter  from 
the  base  to  near  the  apex,  which  is  obliquely  bevelled  off  to  a 
sharp  edge,  like  the  scalpriform  teeth  of  the  Rudentia.  Only  the 
extremity  of  this  tusk  projects  from  the  jaw,  at  least  seven-eighths 
of  its  extent  being  lodged  in  the  socket,  the  parietes  of  which  are 
entire.  In  the  female  Dugong  the  growth  of  the  permanent  inci- 
sive tusks  of  the  upper  jaw  is  arrested  before  they  cut  the  gum, 
and  they  remain  throughout  life  concealed  in  the  premaxillary 
hones ; the  tusk  in  this  sex  is  solid,  is  about  an  inch  shorter  and 
less  bent  than  that  of  the  male  ; it  is  also  irregularly  cylindrical, 
longitudinally  indented,  and  it  gradually  diminishes  to  an  obtuse 
rugged  point ; the  base  is  suddenly  expanded,  bent  obliquely 
outwards,  and  presents  a shallow  excavation.  The  deciduous 
incisors  of  the  upper  jaw,  i,  d,  are  much  smaller  than  the  perma- 
nent tusks  of  the  female,  and  arc  loosely  inserted  by  one  extremity 
in  conical  sockets  immediately  anterior  to  those  of  the  permanent 
tusks,  adhering  by  their  opposite  ends  to  their  tegumentary  gum, 
which  presents  no  outward  indication  of  their  presence.  Not  more 
than  twenty-four  molar  teeth  arc  developed  in  the  Australian 
Dugong  (^Halicore  Australis),  or  more  than  twenty  molar  teeth  in 
the  Malayan  Dugong,  viz.,  in  the  latter,  five  on  each  side  of  both 
upper  and  lower  jaws,  ib.  i-s,  but  these  are  never  simultaneously 
in  use,  the  first  being  shed  before  the  last  has  cut  the  gum. 

The  molar  teeth  of  the  Dugong  consist  of  a large  body  of 
dentine,  a small  central  part  of  osteo-dentine,  and  a thick  external 
investment  of  cement,  c,  fig.  242,  vol.  i.  p.  365.  In  the  female 
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Dugong  the  whole  of  the  smaller  extremity  of  the  tusk  is  sur- 
rounded by  a thin  coat  of  true  enamel,  which  is  covered  by  a 
thinner  stratum  of  cement.  In  the  male’s  tusk  the  enamel, 
though  it  may  originally  have  capped  the  extremity,  as  in  the 
female’s,  yet,  in  the  body  of  the  tusk,  it  is  laid  only  upon  the 
anterior  convex,  and  on  the  lateral  surfaces,  but  not  upon  the 
posterior  concave  side  of  the  tusk,  which  is  thickly  coated  with 
cement.  This  side,  accordingly,  is  worn  away  obliquely  when  the 
tusk  comes  into  use,  whilst  the  enamel  maintains  a sharp  chisel- 
like edge  upon  the  anterior  part  of  the  protruded  end  of  the  tusk. 

The  presence  of  abortive  teeth  concealed  in  the  sockets  of  the 
deflected  part  of  the  lower  jaw  of  the  Dugong,  fig.  160,  a,  i,  d 
(vol.  ii.),  offers  an  analogy  with  the  rudimental  dentition  of  the 
upper  jaw  in  the  Cachalot,  and  of  both  jaws  in  the  foetal  Whales. 
The  arrested  growth  and  concealment  of  the  upper  tusks  in  the 
female  Dugong,  and  the  persistent  pulp-cavity  and  projection  of 
the  corresponding  tusks  in  the  male,  are  equally  interesting  repe- 
titions of  the  phenomena  manifested  on  a larger  scale  in  the  dental 
system  of  the  Narwhal.  The  simple  implantation  of  the  molar 
teeth  and  their  composition  are  paralleled  in  the  teeth  of  the 
Cachalot ; their  difference  of  form,  and  the  more  complex  shape 
of  the  hindmost  tooth,  ib.  b,  are  rej)etitions  of  characters  which 
were  present  in  the  dentition  of  the  extinct  Zeuglodun.  The 
coexistence  of  incisive  tusks  with  molar  teeth,  and  the  successive 
displacement  of  the  smaller  and  more  simple  anterior  ones  by  tbe 
advance  of  larger  and  more  complex  grinders  into  the  field  of 
attrition,  already  seem  to  sketch  out  peculiarities  of  dentition 
which  become  established  and  attain  their  maximum  in  the  Pro- 
boscidian family  (Elephants  and  Mastodons)  of  the  Ungulates. 

The  molars  of  the  American  Manatee  are  thirty-eight  in 
number,  ten  on  each  side  of  the  upper  jaw,  and  nine,  at  least,  on 
each  side  of  the  lower  jaw ; but  they  are  never  simultaneously  in 
place  and  use.  The  first  in  both  jaws  is  small  and  simple. 
Beyond  the  second,  the  crowns  in  the  upper  jaw  are  square,  and 
support  two  transverse  ridges  with  tri-tuberculate  summits, 
having  also  an  anterior  and  posterior  basal  ridge ; each  tooth  is 
implanted  by  three  diverging  roots,  one  on  the  inner  and  two  on 
the  outer  side ; they  increase  in  size  very  gradually,  from  the 
foremost  to  the  last.  The  crowns  of  the  four  or  five  anterior 
molars  of  the  lower  jaw  resemble  those  above,  but  the  rest  have 
a large  posterior  tubercle  ; they  are  all  implanted  by  two  fang^ 
which  enlarge  as  they  descend,  and  bifurcate  at  the  extre- 
mity ; the  crowns  are  of  moderate  height,  and  project  only  a few 
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lines  above  the  sockets.  The  molars  consist  of  a body  of  dentine, 
a coronal  covering  of  enamel,  and  a general  investment  of  cement, 
very  thin  upon  the  crown,  and  a little  thicker  upon  the  fangs. 

B.  Marsupialia.  In  the  Marsupial  order,  the  typical  number 
of  the  teeth  in  the  molar  series  is  seven  on  each  side  of  both  jaws, 
the  first  three  of  which  are  ‘ premolars,’  fig.  221,  p,  i,  2,  3,  the  last 
displacing,  in  some,  a calcified  predecessor,  fig.  296,  d 3,  and  gi^dng 
the  extent  of  the  theoretical  deciduous  series.  Incisors,  fig.  221, 
i,  are  present  in  all  the  species,  but  are  variable  in  number,  in 
some  genera  exceeding  that  of  the  Mammalian  type.  Canines,  ib. 
c,  are  large  in  the  Dasyures,  are  feebly  represented  in  the  Phalan- 
gers  and  Petaurists,  are  absent  in  the  lower  jaw  of  the  Potoroos 
and  Koala  (fig.  221,  vol.  ii),  and  in  both  jaws  of  the  Kangaroos, 
fig.  231,  and  Wombats,  fig.  232. 

The  Dasyures  and  Thylacine  offer  the  carnivorous  type  of  the 
dental  system,  but  differ  from  the  corresponding  group  of  the 
placental  Mammals  in  having  the  molars  of  a more  uniform  and 

221 


simple  structure,  and  the  incisois  in  greater  number:  the  dental 
formula  of  the  Dog-hearled  Opossum,  Thylacinus,  is — 

.4.4  1.1  3.3  1.4 

•sl’  ‘’  n'^3;3>  ™ 474  221. 

The  canine  teeth  are  long,  strong,  curved,  and  pointed ; the 
points  of  the  lower  canines  are  received  in  hollows  of  the  pre- 
maxillary palatal  plate  when  the  mouth  is  closed,  and  do  not 
project,  as  in  the  carnivorous  placentals,  beyond  the  margins  of 
the  maxillary  bones.  The  premolars,  p,  present  a simple  com- 
pressed conical  crown,  with  a posterior  tubercle,  which  is  most 
developed  on  the  hindmost.  The  molars,  wi,  in  the  upper  jaw  are 
unequally  triangular,  the  last  being  much  smaller  than  the  rest ; 
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the  exterior  part  of  the  crown  is  raised  into  one  large  pointed 
middle  cusp  and  two  smaller  cusps ; a small  strong  obtuse  lobe 
projects  from  the  inner  side.  The  molars  of  the  lower  jaw  are 
compressed  and  tricuspidate ; the  middle  cusp  being  the  longest, 
especially  in  the  two  last  molars,  which  resemble  the  feline  car- 
nassials. 

The  dental  formula  of  the  genus  Dasyurus  is — 


. 4.4 


3.3 


1.1 


2.2 


4.4 


42,  fig.  222. 


Drntillon  of  Trsine  Daij-urc. 


The  eight  incisors  of  the  upper  jaw,  fig.  222,  are  of  the  same 
length  and  simple  structure,  and  are  arranged  in  a regular  semi- 
222  circle.  The  premolars,  p 2 and 

3,  answer  to  the  two  last  in 
Thylacinus,  and  have  simple 
crowns.  The  upper  true 
molars,  m,  have  triangular 
cro\vns ; the  first  presents  four 
sharp  cusps ; the  second  and 
third  each  five;  the  fourth, 
which  is  the  smallest,  only 
three.  In  the  lower  jaw,  the 
last  molar  is  nearly  of  equal 
size  with  the  penultimate  one,  and  is  bristled  with  four  cusps,  the 
external  one  being  the  longest.  The  second  and  third  molars 
have  five  cusps,  three  on  the  inner  and  two  on  the  outer  side;  the 
first  molar  has  four  cusps.  The  carnivorous  character  of  the 
above  dentition  is  most  strongly  marked  in  the  Ursine  Dasyure, 
or  Devil  of  the  Tasmanian  colonists,  the  largest  existing  species 
of  the  genus. 

In  some  of  the  smaller  species  the  canines  lose  their  great  rela- 
tive size,  and  the  molars  present  a surface  more  cuspidated  than 
sectorial ; there  is  also  an  increased  number 
of  teeth,  and  as  a consequence  of  their 
equable  development,  they  have  fewer  and 
shorter  interspaces.  The  subgenus  Phasco- 
gale  is  characterised  by — 


223 


. 4.1 


1.1 


3.3 
P .l  a 


4 4 


Drmuian  of  I’livcngAlc. 


3.3  ■ T.  I 


i 46,  fig.  223. 


In  this  formula  may  be  discerned  a step  in 
the  transition  from  the  Dasyures  to  the  Opossums,  not  only  in 
the  increased  number  of  spurious  molars,  but  also  in  the  shape 
and  proportions  of  the  incisors. 

The  general  character  of  the  dentition  of  these  small  predatory 
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Marsupials  approximates  to  tlie  insectivorous  type,  and  leads 
thereto  from  the  flesh-feeding  genera. 

Myrmecobiui  is  characterised  by  the  following  remarkable 
dental  formula : — 


.4.4  l.I  .3.9 
' 3.3*  ' Li'^  3.3’ 


« = 54,  fig.  224. 


The  number  of  true  and  false  molars,  eighteen  in  both  jaws, 
exceeds  that  of  any  other  known  existing  Marsupial.  The  molars 
are  multicuspid,  and  both  the  224 

true  and  false  ones  possess 

two  separate  fangs.  The  in«-  '' / 

ferior  molars  are  directed  I 

obliquely  inward,  and  the 

whole  dental  series  describes  ^ ^ ^ 

a slight  sigmoid  curve,  fig. 

225.  The  premolars  present 

,1  t 1 * DentltloD  of  Mynnecobioft. 

the  usual  compressed  trian- 
gular form,  w'ith  the  apex  slightly  recurved,  and  the  base 
more  or  less  obscurely  notched  before  and  behind.  The  canines 
are  very  little  longer  than  the  false  molars.  The  incisors  arc 
minute,  slightly  compressed,  and  pointed;  they  are  separated 
from  each  other  and  the  canines  by  wide  intervals. 

The  extinct  genus  Arnphitherium  is  founded  on  fossil  remains 
of  lower  jaws  and  teeth  discovered  in  the  oolitic  slate  at  Stones- 
field,  in  Oxfordshire,  and  it  receives  elucidation  from  the  dental 


characters  of  the  previous  genus,  but  is  remarkable  for 
having  a still  greater  number  of  molar  teeth.  The 
dental  formula  is  as  follows  : — 

. ^ l-l 

' 3.3’  T7i’^  6.6’  " 6.6' 


There  being  thus  thirty-two  teeth  in  the  lower  jaw, 
and  probably  as  many  in  the  upper  jaw. 

The  following  dental  formula — 


characterises  a number  of  Marsupials  commonly  known 
in  Australia  by  the  name  of  Bandicoots,  fig.  226.  The 
teeth  which  off  er  the  greatest  range  of  variation  in  the 
present  genus  (^Perameles)  are  the  external  or  posterior 
incisors  and  the  canines : the  molars,  also,  which  ori- 


225 


M»ndtbu1ir 

coblot. 


ginally  are  quinque-cuspidate,  have  their  points  worn  away,  and 
present  a smooth  and  oblique  grinding  surface  in  some  species 
(fig.  222,  m,  vol.  ii.)  sooner  than  in  others. 
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The  Bandicoots  which  approach  nearest  to  the  Myrmecobius  in 
the  condition  of  the  incisive  and  canine  teeth,  are  the  Peramelea 
obesula  and  P.  Gunnii.  There  is  a slight  interval  between  the  first 
and  second  incisor,  and  the  outer  or  fifth  incisor  of  the  upper  jaw 
is  separated  from  the  rest  by  an  interspace  equal  to  t^vice  its  own 
breadth,  and  moreover  presents  the  triangular  pointed  canine-like 
crown  which  characterises  all  the  incisors  of  Myrmecobius ; but  the 


225  antenor  incisors  are 

placed  close  together  and 
have  compressed,  quad- 
rate, true  incisive  crowns. 
From  these  incisors  the 
canine  is  very  remote, 
the  interspace  being 
equally  divided  by  the 
fifth  pointed  incisor, 
, , . . which  the  canine  very 

slightly  exceeds  in  size.  In  Peram.  nasuta,  fig.  226,  the  incisors 

present  the  same  general  condition,  but  the  canines  are  relatively 
larger,  ^ 


Deotltlon  of  I’M-nmcJeft. 


The  dental  formula  of  the  genus  Didelphys  is 

. 5.5  1.1  3.3  4.4 

'Zi’  ‘TTvPW'  " = 50.  fig-22?- 


227 


The  Opossums  resemble  in  their  dentition  the  Bandicoots  more 

than  the  Dasyures ; 
but  they  closely  re- 
semble the  latter  in 
the  tuberculous  struc- 
ture of  the  molars;  the 
two  middle  incisors  of 
the  upper  jaw  are  more 
n.  „„  produced  than  the 

Others,  from  which  they 
are  also  separated  by  a short  interspace.  The  canines  still  exhibit 
a superior  development  in  both  jaws  adapted  for  the  destruction 
ot  living  prey,  but  the  molars  have  a conformation  different  from 
that  which  characterises  the  true  flesh-feeders,  and  the  Opossums 
consequently  subsist  on  a mixed  diet,  or  prey  upon  the  lower  or- 
ganised animals. 


The  smaller  species  of  Didelphys,  which  are  the  most  nu- 
merous, fulfil  in  South  America  the  oflice  of  the  insectivorous 
Shrews  of  the  old  continent.  The  larger  Opossums  resemble 
m their  habits,  as  in  their  dentition,  the  carnivorous  Dasyures, 
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and  prey  u|)on  the  smaller  quadrupeds  and  birds ; but  they  have 
a more  omnivorous  diet,  feeding  on  reptiles  and  insects,  and 
even  fruits.  One  large  species  {Did.  canerivora)  prowls  alxiut 
the  sea-shore,  and  lives,  as  its  name  implies,  on  crabs  and  other 
crustaceous  animals.  Another  species,  the  Yapock,  frequents 
the  fresh  water,  and  preys  almost  exclusively  on  fish : it  has  the 
habits  of  the  Otter,  but  the  dentition  does  not  differ  from  that 
of  ordinary  Opossums. 

In  the  genus  Tarsipet  the  molars  soon  begin  to  fall;  the 
small  canines  are  also  deciduous ; the  two  procumbent  incisors  of 
the  lower  jaw  remain  the  longest.  The  inferior  incisors  are 
opposed  to  six  minute  incisors  above,  which  are  succeeded  by 
a small  canine  and  some  small  molars;  but  these  are  reduced 
in  some,  perhaps  old,  individuals,  to  a single  tooth  on  each 
side. 

The  Phalangers,  being  provided  with  hinder  hands  and  pre- 
hensile tails,  are  strictly  arljoreal  animals,  and  have  a close 
external  resemblance  to  the  Opossums.  They  differ  chiefly  in 
their  dentition,  and  in  accordance  therewith  their  diet  is  more 
decidedly  of  a vegetable  kind.  The  interspace  between  the 
functionally  develoj>ed  incisors  and  molars  in  both  jaws  always 
contains  teeth  of  small  size  and  little  functional  iinjK)rtance,  and 
variable  not  only  in  their  projwrtions  but  their  number.  The 

constant  teeth  are  the  true  molars,  and  the  incisors. 

*-*  . 1—1 

The  canines,  c,  fig.  228,  are  constant  in  regard  to  their  presence, 
but  variable  in  size ; they  are  always  very  small  in  the  lower  jaw  : 
the  functional  premolars,  p 3,  are  always  in  contact  with  the 


Dciitiitou  vulpiua. 
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molars  and  their  crowns  reach  to  the  same  grinding  level ; some- 
times the  second  premolar  is  similarly  developed  in  the  upper 
jaw,  as  in  the  Fhal.  Cookii,  p 2,  fig.  229,  but  it  is  commonly 
absent;  the  first  prcmolar,  i,  is  a very  minute  tooth,  shaped 
VOL.  III.  t; 
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like  a canine  : thus,  in  the  upper  jaw,  between  tlie  posterior  or 
functional  preniolar,  p 3,  and  the  incisors,  i,  we  may  find  three 
teeth,  as  in  Phal.  Cookii,  or  two  teeth  as  in  PUul.  vulpina,  the 
first  being  the  canine,  c.  In  the  lower  jaw  similar  varieties  occur 
in  these  small  and  unimportant  teeth ; e.  g.  there  may  be  between 
the  procumbent  incisors  and  the  posterior  prcmolar,  either  three 
teeth,  as  in  Phal.  Cookii-,  or  two,  as  in  Phal.  ursina;  or  one,  as  in 
Phal.  vulpiita.  The  most  important  modification  is  presented  by 
the  little  Phal.  gliriformis  and  Petaurus  (Acrobates)  pggnueus, 
fig.  219,  vol.  ii.,  which  have  only  three  true  molars  on  each  side 
of  each  jaw.  These  minor  modifications  are  unaccompanied  by 
any  change  of  general  structure  or  of  habit,  whilst  those  teeth 
which  most  influence  the  diet  are  constant. 

The  absence  of  functionless  premolars  and  of  lower  canines  is 
constant  in  the  Koala  {Phascolarctos,  fig.  221,  vol.  ii.).  The 
molars  are  proportionally  larger  than  in  the  Phalangers : each  is 
beset  with  four  three-sided  cusps,  the  outer  series  in  the  upper 
teeth  being  the  first  to  wear  down  ; those  in  the  lower  jaw  are  nar- 
rower than  in  the  upper ; there  is  also  the  rudiment  of  a ‘ cingu- 
lum.’ The  premolars  are  compressed,  and  terminate  in  a cutting 
edge.  The  small  canine  is  situated  close  to  the  premaxillary  suture. 

The  dental  formula  of  the  Potoroos  {Ilgpsiprymnus)  is — 


.3  .3  II  I . I 4 4 

'ri'^oro'^n''"ir4-®'’-  '’e 


The  anterior  of  the  upper  incisors  are  longer  and  more  curved 
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Dentition  uf  nypAiprymuu*  marlnut. 


than  the  lateral  ones,  and 
their  pulps  are  persistent. 
The  canine  is  larger  than 
in  the  Koala ; it  is  simi- 
larly situated.  In  the  large 
ilgpsiprgmnus  ursinus  the 
canines  arc  relatively 
smaller  than  in  the  other 
Potoroos,  a struct  ure  which 
indicates  the  transition 


from  the  Potoroo  to  the  Kangaroo  genus.  The  single  premolar, 
p 3,  has  a peculiar  trenchant  form;  its  maximum  of  develop- 
ment is  attained  in  the  arboreal  Potoroos  of  New  Guinea; 


in  Ilgpsiprgmnus  dorcocephalus,  e.g.  its  antero-jiostcrior  extent 
nearly  equals  that  of  the  three  succeeding  molar  teeth.  In 
all  the  Potoroos,  the  trenchant  spurious  molar  is  indented, 
especially  on  the  outer  side  and  in  young  teeth,  by  many  small 


vertical  grooves. 


The  true  molars,  m i,  2,  3,  4,  have  large 
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subquadrate  crowns ; each  presents  four  three-sided  pyramidal 
cusps ; but  the  internal  angles  of  the  two  opposite  cusps  are  con- 
tinued into  each  other  across  the  tooth,  forming  two  angular  or 
concave  tranverse  ridges.  In  the  old  animal  these  cusps  and 
ridges  disappear,  and  the  grinding  surface  is  worn  quite  flat. 

In  the  genus  Macropus,  flg.  231,  the  normal  condition  of  the 
permanent  teeth  may  be  expressed  as  follows : — 


The  main  difference,  as  compared  with  Hypsiprymnus,  lies  in  the 
absence  of  the  upper  canines  as  functional  teeth ; but  the  germs 
of  these  teeth  are  to  be  found  in  the  young  mammary  foetus  of 
the  Macropus  major,  and  may  be  detected  of  very  smalt  size, 
concealed  by  the  gum,  in  the  adults  of  some  small  species  of 
Kangaroos,  as,  e.  g.,  Macropus  rufiventer,  Ogilby,  and  Macr. 


Deutitlon  of  Macropui  major,  one-thinl  pat.  tiM. 


psilopus,  Gould.  The  crown  of  the  true  molars  supports  two 
principal  transverse  ridges,  with  a broad  anterior  talonand  a narrow 
hinder  one.  In  most  species  a spur  is  continued  from  the  binder  to 
the  fore  ridge,  and  another  from  the  fore  ridge  to  the  front  talon. 

Remains  of  Kangaroos,  larger  than  any  living  species,  have  been 
discovered  in  the  same  caves  in  Australia  which  contained  the  teeth 
and  jaws  of  the  extinct  Dasyurus  laniarius,&nA  they  probably  fonned 
the  prey  of  that  species  and  of  its  contemporary  the  Thylacine 
which  no  longer  exists  in  the  continent  of  Australia.' 

A gigantic  extinct  herbivorous  Australian  Marsupial  (^Dipro- 
todon),  the  bulk  of  which  may  be  surmised  from  the  length 
of  the  skull,  which  equals  three  feet,  manifests  a dentition 
which  makes  the  nearest  approach  to  that  of  the  Kangaroos ; 
but  the  anterior  or  median  pair  of  upper  incisors  present  the 
condition  of  large,  curved,  scalprlform,  ever-growing  tusks, 

* cxviii'’,  Tol.  it 
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wliich  work  against  a Biinilar  but  straight  procumbent  pair  of 
incisive  tusks  below ; thus  presenting  a transitional  feature 
between  the  Kangaroos  and  the  Rodent  fonn  of  Marsuj>ial  called 
Wombat  {Phnscolomys).'  In  this  genus,  the  dental  system  pre- 
sents the  extreme  degree  of  that  degradation  of  the  teeth,  inter- 
mediate between  the  front  incisors  and  true  nif)lars,  which  has  been 
traced  from  the  Opossum  to  the  Kangaroos ; not  only  have  the 
functionless  premolars  and  canines  now  totally  disappeared,  but 
also  the  jmsterior  incisors  of  the  upper  jaw,  which  we  have  seen 
in  the  Koala  and  Potoroo  to  exhibit  a feeble  degree  of  develop- 
ment as  compared  with  the  anterior  pair  ; these,  in  fact,  arc  alone 
retained  in  the  dentition  of  Pkascolumys.  The  dental  formula  of 
the  Wombat  is  thus  reduced,  both  in  number  and  kind,  to  that 
of  Rodentia,  viz. — 


. 2 
‘2’ 


0 i.l 


4.4 

1 — 

4.4 


24,  fig.  232. 


2.-I2 


6 ’ ' rr 

The  incisors,  /,  moreover,  are  ‘ dentes  scalprarii,’  but  are  in- 
ferior, especially  in  the  lower  jaw,  in  their  relative  length  and  cur- 
vature to  those  of  the 
placental  Glires ; they 
present  a subtricdral 
figure,  and  are  tra- 
versed by  a shallow 
groove  on  their  mesial 
surface.  The  premolars, 
p,  3,  present  no  trace 
of  that  compressed 
structure  which  cha- 
racterises them  in  the 
Koala  and  Kangaroos, 
but  have  a wide  oval 
transverse  section ; those  of  the  upper  jaw  being  traversed,  on 
the  inner  side,  by  a longitudinal  groove.  The  true  molars, 
m 1-4,  are  double  the  size  of  the  premolars ; the  superior  ones 
are  also  traversed  by  an  internal  longitudinal  groove ; but  this 
is  so  deep  and  wide  that  it  divides  the  whole  tooth  into  two 
prismatic  portions,  with  one  of  the  angles  directed  inward.  The 
inferior  molars  are  in  like  manner  divided  into  two  tricdral 
jx)rtions  ; but  the  intervening  groove  is  external,  and  one  of  the 
facets  of  each  pri.sin  is  turned  inward.  All  the  grinders  are 
curved,  and  describe  about  a quarter  of  a circle.  In  the  upper 
jaw  the  concavity  of  the  curve  is  directed  outward  ; in  the 


Dintltlon.  Pb%M'uiuai)  • ru»cu«,  i itat.  vitv. 


' CLXXX,  p.  431. 
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lower  jaw,  inward.  The  false  and  true  molars,  like  the  incisors, 
have  persistent  pulps,  and  are,  consequently,  devoid  of  true  fangs, 
in  which  respect  tlie  Wombat  differs  from  all  other  Marsupials, 
and  resembles  the  extinct  Toxodon,  the  dcntigCLrous  Bruta,  and 
herbivorous  Rodentia. 

A retrospect  of  the  mo<lification8  of  marsupial  dentition  shows 
them  to  be  divisible  into  two  classes:  one ‘jx)lyprotodont,’  or  cha- 
racterised by  several  pairs  of  mandibular  incisors ; the  other  ‘ di- 
protodont,’  or  by  a single  pair : these  are  large,  more  or  less 
procumbent,  and  ever-growing;  the  incisors  of  the  first  group 
are  small,  and  of  the  usual  limited  growth.  The  polyprotodont 
type  prevails  in  the  American  genera:  the  diprotodont  obtains 
in  the  majority  of  the  Australasian  marsupials,  and  is  associated 
usually  with  vegetarian  or  promiscuous  diet.  There  did  exist, 
however,  coeval  with  Diprotodon,  Nototherium,  &c.,  in  a ter- 
tiary age  in  Australia,  a carnivorous  marsupial  equalling  tlie 
Lion  in  sire,  with  the  di- 
protodont type  of  dentition 
adaptively  modified  for  prey- 
ing on  the  huger  contem- 
|X)raneou8  Herbivora. 

The  pair  of  incisors  in  the 
lower  jaw,  fig.  233,  i,  and 
their  homotypes  above,  i i, 
were  ‘ canines  ’ in  size  and 
shape : a single  tooth  of  the 
molar  series  on  each  side  of 
both  jaws,  ib.  p 4,  was  concomitantly  modified  to  act  as  a ‘ sec- 
torial ’ or  flesh-cutting  tooth  ; the  crown  being  narrow  or 
‘ compressed,’  long  antero-posteriorly,  with  the  sides  marked  by 
vertical  folds  or  grooves,  and  converging  to  a rather  oblique 
cutting  edge,  that  of  the  upper  blade  playing  on  the  outside  of  the 
lower  one.  These  ‘ scctorials  ’ were  larger  than  in  the  Lion  or 
Tiger,  and  were  even  more  ‘ camassial  ’ as  wanting  the  ‘ tubercle,’ 
and  consisting  wholly  of  the  ‘ blade.’  Behind  the  upper  sectorial 
is  one  small  tubercular,  m i,  of  the  relative  projmrtion  of  that 
in  Felis  : the  lower  sectorial  is  followed  by  two  small  teeth  with 
subtuberculatc  crowns,  w i,  ni  2.  The  teeth  between  the  camas- 
sials  and  laniary  incisors  are  too  small  for  definite  use.  So  far 
as  present  fossils  show,  the  dentition  of  Thylacoleo  was : — 
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The  chief  business  of  the  teeth  was  delegated  to  the  tusks  and 
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Dentition  of  lower  jiiw,  PlagUnLlaz. 


carnaasials ; development  was  concentrated  on  these  at  the  cost  of 
the  rest  of  the  normal  or  typical  dental  series.  The  foremost 
teeth  seized,  pierced,  lacerated  or  killed,  the  carnassials  divided 
the  nutritive  fibres  of  the  prey. 

Thylacoleo  exemplifies  the  simplest  and  most  effective  dental 
machinery  for  predatory  life  known  in  the  Mammalian  class.  It 
is  the  extreme  modification,  to  this  end,  of  the  diprotodont  type 
of  Marsupialia.  The  skull  exhibits  all  the  concomitant  carnivo- 
rous modifications,  in  a like  extreme  degree.' 

It  is  interesting  to  note  that,  just  as  the  exceptional  modifica- 
tion of  the  |K»lyprotodont  type,  in  the  modern  Myrmecohius,  was 

manifested  by  Amphitherium  in 
Oolitic  times,  so  likewise  was  the 
^ zoophagous  diprotodont  modifica- 

tion ; but  on  a smaller  scale  than 
in  Thylacoleo.  The  lower  incisor 
in  Plagiaulnx,  fig.  234,  i,  was  a 
large, upeurved, pointed  tusk:  the 
carnassial,  p.  4,  was  of  great  fore- 
and-aft  length,  coupled  with  nar- 
rowness, and  an  oblique  cutting  edge,  rendered  sub-serrate  by  the 
better-marked  and  more  oblique  lateral  grooves,  than  in  Thyla- 
coleo. Anterior  to  the  carnassial,  p,  4,  there  are  two  or  three 
similar  and  smaller  sectorial  premolars,  in  Playtaulax,  more  of 
the  general  diphyodont  type  being  retained  in  the  older  zoopha- 
gous diprotodont.  Behind  the  carnassial  are  two  small  tubcrcu- 
late  molars,  m i , m 2,  as  in  Thylacoleo.  Some  Pal®ontologists,  neg- 
lecting Cuvier’s  guide-post  of  the  true  molar  as  the  light-giving 
tooth,  have  been  led  astray  in  regard  to  the  affinities  of  Plagi- 
aulax,  referring  it  to  the  ‘ |)oephagou8  Potoroos  and  Kangaroos,’ 
which  combine  with  a single  trenchant  and  grooved  premolar,  four 
large  and  massive  grinders,  of  quadricuspid  or  transversely  ridged 
structure. 

C.  Rodentia. — In  different  orders  of  the  jdacental  as  in  the 
marsupial  diphyodonts  there  arc  Instances  in  which  the  ordinary 
number  of  incisors  is  diminished,  and  their  growing  power  trans- 
ferred to  a single  pair  of  tusks  jirojecting  from  the  forepart  of  the 
upper  or  the  lower  jaw,  or  of  both.  The  Dinotheres,  Toxodons, 
Mastodons,  and  Elephants,  among  the  Ungulata,  the  Dugong  in 
the  Sirenia,  the  Aye-aye  in  the  Quadrumana,  are  instances  of 
this  mcKlification,  which  reaches  its  extreme  in  the  latter  mammal 
and  the  elephants.  In  numerous  Lissencephala  a single  pair 
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of  large  curved  ever-growing  incisors,  in  each  jaw,  is  combined 
with  so  many  peculiarities  of  structure,  as  to  have  led  to  their 
association  into  one  order ' called  by  Linnseus  Glires  and  by 
Cuvier  ‘ Rongeurs  ’ or  ‘ Eroders,’  from  the  gnawing  power  and 
habit  resulting  from  such  dental  modification. 

The  incisors,  fig.  235,  i, »,  are  separated  by  a wide  interval 
from  the  molars : the  upper  pair,  ib.  i,  describe  a larger  segment 
of  a smaller  circle,  the  lower  ones,  ib.  f,  a smaller  segment  of  a 
larger  circle ; these  are  the  longest  incisors,  and  usually  have 


DcntlUon  of  tbc  Cspybara. 


their  alveoli  extended  below,  or  on  the  inner  side  of,  those  of  the 
molars,  to  the  back  part  of  the  lower  jaw,  fig.  129  : but  in  the 
Hare  they  reach  only  midway  toward  the  angle.  As  in  all  teeth 
of  unlimited  growth,  the  implanted  part  of  the  incisors,  besides  its 
length,  retains  the  form  and  size  of  the  exposed  part  or  crown,  to 
the  widely  open  base,  which  eontains  a long  conical  persistent 
dentinal  pulp,  ib.  a,  and  is  surrounded  by  the  capsule  in  a pro- 
gressive state  of  ossification,  as  it  approaches  the  crown;  an 
enamel-pulp  is  attached  to  the  inner  side  of  that  part  of  the  cap- 
sule which  covers  the  convex  surface  of  the  curved  incisor. 

The  calcification  of  the  dentinal  pulp,  the  deposition  of  the 
earthy  salts  in  the  cells  of  the  enamel-pulp,  and  the  ossification 
of  the  capsule,  proceed  contemporaneously;  fresh  materials  being 
added  to  the  base  of  the  vascular  matrix  as  its  several  constituents 
are  progressively  converted  into  the  dental  tissues  in  the  more 
advanced  part  of  the  socket.  The  tooth,  thence  projecting, 
consists  of  a body  of  compact  dentine,  sometimes  with  a few  short 
medullary  canals  continued  into  it  from  the  persistent  pulp-cavity, 
with  a plate  of  enamel  laid  upon  its  anterior  surface,  and  a 
general  investment  of  cement,  which  is  very  thin  upon  the  enamel, 
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but  le.Hs  tliin,  in  some  llodents,  upon  the  posterior  and  lateral 
parts  of  the  incisor.  The  substances  of  the  incisor  diminish  in 
hardness  from  the  front  to  the  back  j>art  of  the  tooth,  not  only  in 
so  far  as  the  enamel  is  harder  than  the  dentine,  but  because  the 
enamel  consists  of  two  layers,  of  which  the  anterior  and  external 
is  denser  than  the  jwsterior  layer,  and  the  posterior  half  of  the 
dentine  is  rendered  by  a modified  number  and  arrangement  of  the 
dentinal  tubes  less  dense  than  the  anterior  half. 

The  abrasion  resulting  from  the  reciprocal  action  of  the  upper 
and  lower  incisors  produces,  accordingly,  an  oblitjuc  surface, sloping 
from  a sharp  anterior  margin  formed  by  the  dense  enamel,  like 
that  which  slopes  from  the  sharp  edge  formed  by  the  plate  of 
hard  steel  laid  on  the  back  of  a chisel ; whence  the  name  ‘ scalpri- 
fonn,’  ‘ dentes  scalprarii,’  given  to  the  incisors  of  the  Rodentia. 
In  I.rporida  the  enamel  is  traceable  to  the  back  of  the  incisors : 
with  this  exception,  the  varieties  to  which  these  incisors  are  sub- 
ject in  the  dift’erent  Rodents  are  limited  to  their  projwrtional  size, 
and  to  the  colour  and  sculpturing  of  the  anterior  surface.  Thusin 
the  Guinea-pig,  Jerboa,  and  Squirrel,  the  breadth  of  the  incisors  is 
not  half  so  great  as  that  of  the  molars:  whilst  in  the  Coj’pu  they 
are  as  broad  as  the  molars,  and  in  the  Cape  Mole-rats  {Batki/ergvs 
and  Orycteromys)  arc  even  broader.  In  the  Coypu,  Beaver,  Agouti, 
and  some  other  Rodents,  the  enamelled  surface  of  the  incisors  is 
of  a bright  orange  or  reddish-brown  colour.  In  some  genera  of 
Rtnlcnts,  as  Orycteromys,  Olotnys,  Meriones,  Ilydrorhre.rus,  Lepux, 
and  Lagomys,  the  anterior  surface  is  indented  by  a deep  longitu- 
dinal groove.  This  character  seems  not  to  influence  the  fo^  or 
habits  of  the  species : it  is  present  in  one  genus  and  absent  in 
another  of  the  same  natural  family.  In  most  Rodents  the 
anterior  enamelled  surface  of  the  scalpriform  tcetli  is  smooth  and 
uniform. 

The  molar  teeth  are  always  few  in  number,  obliquely  implanted 
and  obliquely  abraded,  the  scries  on  each  side  converging  ante- 
riorly in  both  jaws ; but  they  ])rc.sent  a striking  contrast  to  the 
incisors  in  the  range  of  their  varieties,  which  arc  so  numerous  that 
they  typify  almost  nil  the  modifications  of  fonn  and  structure 
which  are  met  with  in  the  molar  teeth  of  the  omnivorous  and 
herbivorous  genera  of  other  orders  of  mammalia.  In  some 
Rodents — e.g.  Cavics,  the  molar  teeth,  fig.  236,  p,  m,  are  rootless ; 
others — e.g.  the  Agouti,  have  short  roots,  tardily  developed  like 
the  molars  of  the  Horse  and  Elephant;  others,  again — e.g.  the 
Rat  and  the  Porcupine,  soon  acaiiiirc  roots  of  the  ordinary  pro- 
portional length. 
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The  differences  in  the  mode  of  implantation  of  the  molar  teeth 
relate  to  the  differences  of  diet.  The  Rodents,  which  subsist  on 
mixed  food,  and  which  betray  a tendency  to  carnivorous  habits,  as, 
e.g.,  the  true  Rats,  or  which  subsist  on  the  softer  and  more  nutri- 
tious vegetable  substances,  such  as  tlie  oily  kernels  of  nuts,  suffer 
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less  rapid  abrasion  of  the  molar  teeth  ; a minor  depth  of  the  crown 
is  therefore  needed  to  perform  the  office  of  mastication  during  the 
brief  jieriod  of  existence  allotted  to  these  active  little  Mammals : 
and  as  the  economy  of  nature  is  manifested  iu  the  smallest  parti- 
culars as  well  as  in  her  grandest  operations,  no  more  dental  sub- 
stance is  developed  after  the  crown  is  formed,  than  is  requisite  for 
the  firm  fixation  of  the  tooth  in  the  jaw. 

Rodents  that  exclusively  subsist  on  vegetable  substances,  espe- 
cially the  coarser  and  less  nutritious  kinds,  as  herbage,  foliage, 
the  bark  and  wood  of  trees,  wear  away  more  rapidly  the  grinding 
surface  of  the  molar  teeth  ; the  crowns  are  therefore  larger,  and 
their  growth  continues  by  reproduction  of  the  formative  matrix 
at  their  base  in  proportion  as  its  calcified  constituents,  forming 
the  exposed  working  part  of  the  tooth,  are  worn  away.  So  long 
as  this  reproductive  force  is  active,  the  molar  tooth  is  implanted, 
like  the  incisor,  by  a long  undivided  continuation  of  the  crown. 
The  rootless  and  perpetually  growing  molars  are  always  more  or 
less  curved,  fig.  236,  p,  m ; they  derive  from  this  form  the  same 
advantage  as  the  incisors,  in  the  relief  of  the  delicate  tissues  of 
the  active  vascular  matrix  from  the  effects  of  the  pressure  which 
would  otherwise  have  been  transmitted  more  directly  from  the 
grinding  surface  to  the  growing  base. 

The  complexity  of  the  structure  of  the  crown  of  the  molar 
teeth,  and  the  quantity  of  enamel  and  cement  intcrblendcd  with 
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the  dentine,  are  greatest  in  the  rootless  molars  of  the  strictly 
herbivorous  Rodents.  The  crowns  of  the  rooted  molars  of  the 
omnivorous  rats  and  mice  are  at  first  tuberculatc.  When  the 
summits  of  the  tubercles  are  worn  off  the  inequality  of  the 
grinding  surface  is  for  a time  maintained  by  the  deeper  transverse 
folds  of  enamel,  the  margins  of  which  are  separated  by  alternate 
valleys  of  dentine  and  cement ; but  these  folds,  .sinking  only  to  a 
slight  depth,  are  in  time  obliterated,  and  the  grinding  surface  is 
reduced  to  a smooth  field  of  dentine,  with  a simple  border  of 
enamel.  Examples  of  various  forms  assumed  by  the  inflected 
folds  of  enamel  in  the  molars  of  the  Rodentia  are  given  in  the 
works  of  the  Cuviers  and  other  naturalists.'  These  folds  have  a 
general  tendency  to  a transverse  direction  across  the  crown  of  the 
tooth  (vol.  ii.  fig.  236,  p.  370):  the  joint  of  the  lower  jaw  almost 
restricts  it  to  horissontal  movements  to  and  fro,  in  the  direction  of 
the  axis  of  the  head,  during  the  act  of  mastication.  When  the 
folds  of  enamel  dip  in  vertically  from  the  summit  to  a greater  or 
less  depth  into  the  substance  of  the  crown  of  the  tooth,  as  in  those 
molars  which  have  roots,  the  configuration  of  the  grinding  sur- 
face varies  with  the  degree  of  abrasion ; but  in  the  r»H)tless 
nulars,  where  the  folds  of  enamel  extend  inwanl  from  the 
entire  length  of  the  sides  of  the  tooth,  the  characteristic  con- 
figuration of  the  grinding  surface  is  maintained  without  varia- 
tion, as  in  the  Guinea-pig,  the  Capybara,  and  the  Patagonian 
Cavy. 

The  whole  exterior  of  the  molar  teeth  of  the  Rodrntia  is  covered 
by  cement,  and  the  external  interspaces  of  the  enamel-folds  are 
filled  with  the  same  substance.  In  the  Chinchillidce  and  the 
Capybara,  where  the  folds  of  enamel  extend  quite  across  the 
l)o<ly  of  the  tooth,  and  insulate  as  many  plates  of  dentine,  these 
detached  jwrtions  are  held  together  by  the  cement.  Such  folds 
of  enamel  are  usually  parallel,  as  in  the  large  posterior  lower 
molar  of  the  Capybara,  which,  in  shape  and  structure,  ofl'ers  a 
very  close  and  interesting  resemblance  to  the  molars  of  the  Asiatic 
Elephant.  The  modification  olmerved  in  the  Voles  ( Arricola)  calls 
to  mind  the  molars  of  the  .African  Elejihant.  The  partial  folds 
and  islands  of  enamel  in  the  molars  of  the  Porcupine  and  .Agouti 
foreshow  the  structure  of  the  teeth  of  the  Rhimn’eros.  The 
o|)|)Ositc  lateral  inflections  of  enamel  in  the  molars  of  the  (jcrbille 
and  CajK;  Mole-rat,  represent  the  structure  of  the  molars  of  the 
ilippo]M)tamus.  The  double  crescentic  folds  in  the  Jerboa  sketch 

' cxx".  and  cxxi". 
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out,  as  it  were,  the  characteristic  structure  of  the  molars  of  the 
Anoplothere  and  Ruminants,  &c. 

The  transverse  section  of  the  molar  of  the  Water-vole,  fig.  237, 
shows  that  modification  of  the  grinding  surface  in  which  the  folds 
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of  enamel,  e,  extend  like  promontories,  some  outward,  the  others 
inward,  into  the  substance  of  the  crown ; a like  section  of  the 
Beaver’s  molar  exhibits  islands  with  a promontory  of  enamel. 
The  transverse  section  of  the  crown  of  the  molar  of  JMgostomus 
displays  not  fewer  than  five  islands  of  enamel,  which  hard  sub- 
stance is  so  thick  that  it  enters  more  abundantly  into  the  compo- 
sition of  the  tooth  than  the  dentine  itself.  The  pulp,  after  the 
formation  of  a certain  thickness  of  tubular  dentine,  becomes 
converted  into  osteo-dentine  in  both  the  rooted  and  rootless 
molars  of  the  Rodents.  This  fourth  substance  is  exhibited  at  o, 
fig.  237 , which  shows  the  four  different  dental  tissues,  viz.  cement,  c, 
enamel,  e,  dentine,  d,  and  osteo-dentine,  o,  entering  in  more  equal 
proportions  into  the  formation  of  the  crown  than  in  other  Mam- 
malian teeth.  MTien  the  crown  is  worn  by  mastication  down  to 
the  place  of  the  section  figured,  the  four  substances  appear  in  the 
same  proportions  on  the  grinding  surface,  contributing  to  its  effi- 
ciency as  a triturating  organ  by  the  inequalities  consequent  on 
their  various  degrees  of  density  and  resistance  to  the  abrading 
forces. 

The  molars  are  not  numerous  in  any  Rodent ; the  Hare  and 
Rabbit  {Lepus)  have  i.e.  six  molars  on  each  side  of  the 
upper  jaw,  fig.  238,  and  five  on  each  side  of  the  lower  jaw,  vol.  ii. 
fig.  233.  The  Pika  has  The  Squirrels  have 

The  families  of  the  Dormice,  the  Porcupines,  the  Spring-rats 
( Echimyida),  the  Octodonts,  the  Chinchillas,  and  the  Cavies,  figs. 
235,  236,  have  molars.  In  the  great  family  of  Rats ( 3/«nV/£E 
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the  normal  number  of  molars  is  ; but  the  Australian  Water- 
rat  (flydromi/s)  has  but  -1:^  molars,  making,  with  the  incisons, 
twelve  teeth,  which  is  the  smallest  number  in  the  Rodent  order. 
The  greatest  number  of  teeth  in  the  present  order  is  twenty-eight, 
which  is  exemplified  in  the  Hare  and  Rabbit;  but  forty  teeth 
are  developed  in  these  species,  ten  molars  and  two  incisors  being 
deciduous. 


The  first  or  anterior  of  the  molar  series,  whether  the  number 
be  2-2,  3-3,  or  4-4,  is  a premolar ; it  has  displaced  a deciduous 
predecessor  in  the  vertical  direction.  When  the  series  extends 
to  5-5  or  6-fi,  the  additions  arc  to  the  fore  part,  and  are  pre- 
molars.  This  it  is  which  constitutes  the  essential  distinction 
between  the  dentition  of  the  marsupial  and  the  placental  Rodent ; 
the  latter,  like  the  placental  Carnivora,  Quadrumana,  and  Ungu- 
luta,  having  never  more  than  three  true  molars.  Thus  the  Rodents 
which  have  the  molar  formula  of  J,  shed  the  first  tooth  in  each 
scries,  and  this  is  succeeded  by  a permanent  premolar,  which  comes 
into  jdace  later  than  the  true  molars — later  at  least  than  the  first 
and  second,  even  when  the  deciduous  molar  is  shed  before  birtb, 
as  was  observed  by  Cuvier  in  the  Guinea-pig.  In  the  Hare  and 
Rablnt,  three  anterior  teeth  in  the  upper  jaw,  fig  2.38,  p,  succeed 
and  displace  three  deciduous  predecessors,  ib.  d,  coming  into  place 
after  the  first  and  second  true  molars,  ib*  m,  are  in  use,  and  con- 
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rpi>^r  dreidaous  &iid  permaoont  teeth  of  the  Hare. 


d,  i,  2,  at  wbich  period  of  dentition 


temporaneously  with  the  last 
mol.ar.  It  docs  not  appear 
that  tbe  scalpriform  incisors, 
ib.  I,  are  preceded  by  milk 
teeth,  or,  like  the  prcmolars 
of  the  Guinea-pig,  by  ute- 
rine teeth ; but  the  second 
incisor,  ib.  i,  2,  is  so  preceded 
— e.g.  by  the  tooth  marked 
six  incisors  are  present  in  the 


upper  jaw.  This  condition  is  interesting  both  as  a transitory  mani- 


festation of  the  normal  number  of  incisive  teeth  in  the  mammalian 


series,  and  as  it  elucidates  the  disputed  nature  cf  the  great  anterior 
scalpriform  teeth  of  the  Rodentia.  It  has  been  contended  that 
they  are  canines,  because  those  of  the  upper  jaw  extended 
their  fang  backward  into  tbe  maxillary  bone,  which  lodged  part 
of  their  hollow  base  and  matrix.  But  the  scalpriform  teeth  are 


confined  exclusively  to  the  premaxillary  bones  at  the  beginning 
of  their  formation,  and  the  smaller  incisors  which  are  developed 
behind  them,  in  our  auomalous  native  Rodents,  the  Hare  and 
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Ral)bit,  retain  their  usual  relations  with  the  premaxillaries,  thus 
proving,  a fortiori,  that  the  tooth  which  projects  anterior  to  them 
must  also  be  an  incisor. 

The  law  of  the  unlimited  growth  of  the  scalpriform  incisors  is 
unconditional ; and  constant  exercise  and  abrasion  are  required 
to  maintain  the  normal  and  serviceable  form  and  proportions  of 
these  teeth.  When,  by  accident,  an  opposing  incisor  is  lost,  or 
when,  by  the  distorted  union  of  a broken  jaw,  the  lower  incisors 
no  longer  meet  the  upper  ones,  as  sometimes  happens  to  a wounded 
hare,  the  incisors  continue  to  grow  until  they  project  like  the 
tusks  of  the  elephant,  and  their  extremities,  in  the  jioor  animal’s 
painful  attempts  to  acquire  food,  also  become  pointed  like  tusks. 
Following  the  curve  prescribed  to  their  growth  by  the  fonn  of 
their  socket,  their  points  often  return  against  some  part  of  the 
head,  are  pressed  through  the  skin, 
then  cause  absorption  of  the  jaw-bone, 
and  again  enter  the  mouth,  rendering 
mastication  impracticable  and  causing 
death  by  starvation.  I have  seen  a 
lower  jaw  of  a beaver,  in  which  the 
scalpriform  incisor  has,  by  unchecked 
growth,  described  a complete  circle. 

The  point  had  pierced  the  masseter 
muscle,  and  entered  the  back  of  the 
mouth,  passing  between  the  condyloid  and  coronoid  processes  of 
the  lower  jaw,  descending  to  the  back  part  of  the  molar  teeth, 
in  the  advance  of  the  part  of  its  own  alveolus,  which  contains  its 
hollow  root.  The  upper  jaw  of  a Rabbit,  with  an  analogous  ab- 
normal growth  of  the  scalpriform  and  accessory  incisors,  is  shown 
in  fig.  239. 

D.  Insectivora. — The  dental  system  in  this  order  is  remarkable 
for  the  many  varieties  and  even  anomalies  which  it  presents— 
almost  the  only  characteristic  predicable  of  it  being  the  presence 
of  sharp  points  or  cusps  upon  the  croivns  of  the  molar  teeth, 
which  are  always  broader  in  the  upper  than  in  the  lower  jaw. 
The  teeth  that  intervene  between  these  and  the  incisors  are  most 
variable  in  form  and  size,  but  are  never  absent;  the  incisors 
differ  in  number,  size,  and  shape,  in  different  species,  the  anterior 
ones  approximating  in  some  species  to  the  character  of  the  scalpri- 
form teeth  of  the  Rodents.  They  may  be  wholly  absent  in  the 
upper  jaw,  fig.  242,  A. 

The  Chrysochlore,  or  iridescent  Mole  of  the  Cape,  makes  the 
nearest  approach,  by  the  number  of  it^  molar  teeth,  fig.  240,  to 
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that  remarkable  condition  which  a solitary  genus  {Myrmecohius) 
of  existing  Marsupials  also  presents,  and  which  was  more  abun- 
dantly manifested  in  the 
extinct  Amphitheria  and 
Spalacotheria  of  the-  Oo- 
litic period.  At  least  f: J 
true  molars  may  be  as- 
signed to  the  Chryso- 
chlore  according  to  their 
form — the  only  charac- 
ter, in  the  absence  of  the 
known  order  of  their 
vertical  displacement  and 
succession,  by  which  the 
true  and  false  molars  can 
at  present  be  defined  in 
this  species.  In  the 
upper  jaw,  ib.  1,  the  an- 
terior large  laniarifurm 
tooth,  and  the  two  suc- 
ceeding small  teeth,  arc 
incisors 

their  position  in  the  pre- 
maxillary bones ; the  next  small  tooth,  with  a simple  compressed 
tricuspid  crown,  may  be  regarded  either  as  a canine  or  a prcmolar. 
The  crowns  of  the  true  molars  are  thin  ]>lates,  narrowed  from  be- 
fore backward,  with  two  notches  on  the  working  edge,  and  a longi- 
tudinal groove  along  the  outer  and  thicker  margin.  Another 
anomaly,  more  remarkable  than  that  of  the  shape  of  the  true 
molars,  is  their  separation  from  each  other  by  vacant  intervals, 
as  in  many  Keptilcs. 

The  crowns  of  the  five  lower  true  molars,  ib.  2,  2...C,  are  com- 
pressed antero-posteriorly,  but  are  of  unusual  length,  and  have 
the  thicker  margin  turned  inward  ; the  summit  of  the  outer 
border  is  pointed  and  most  prominent ; the  inner  division  is  sub- 
divided into  two  {Kiints.  The  anterior  incisor  is  small  and  pro- 
cumbent ; the  second  has  a larger  laniariform  crown ; the  third 
is  small,  and  resembles  the  two  premolars  which  intervene  be- 
tween this  and  the  first  large  tricuspid  molar.  The  lower  molars 
are  separated  by  wider  intervals  than  those  above;  the  crowns  of 
the  op|K)sing  series  enter  reciprocally  the  interspaces,  and  inter- 
lock ; in  mastication,  the  anterior  margin  of  the  lower  tooth  works 
upon  the  posterior  margin  of  the  opposite  upper  tooth. 


, by  virtue  of 
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DrntltluD  of  Chrytochloro.  maini. 

I . rpp«r  jaw,  6 aide  view,  a grlndiug  aorfare, 
3.  Lower  jaw,  a grliMllng  aorfact*.  b aide  view. 
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The  views  of  the  nature  of  these  teeth,  as  given  in  the  foregoing 
description,  are  expressed  by  the  following  formula: — 


3.3  1. 1 6.6 

.3’  ^ ’ "5.5 


The  small  insectivorous  mammal,  called  Spalacotherium,  which 
has  left  its  fossil  remains  in  the  upper  Oolite  of  Purbeck,  had  ten 
molar  teeth  on  each  side  of  the  lower  jaw,  of  which  six  at  least 
presented  a tricuspid  crown  with  proportions  very  similar  to  those 
of  the  Chrysochlore. 

In  the  Shrew-moles  of  America  {Scalops)  the  dentition  makes 
an  important  step  towards  the  normal  mammalian  condition,  by 
the  restriction  of  the  characters  of  the  true  molar  teeth  to  the 


three  posterior  ones  in  each  lateral  series.  Between  these  and  the 
large  scalpriform  incisor,  in  the  upper  jaw,  there  are  six  teeth, 
the  first  two  of  which  must  also  be  regarded,  by  the  analogy  of 
the  Chrysochlore,  as  incisors ; the  next  tooth  might  pass  for  a 
canine ; and  the  remaining  three  for  premolars  : of  these  the  last 
is  the  largest,  and  has  a triedral  pointed  crown.  The  true  molars 
have  large  crowns,  each  with 


six  cusps,  four  on  the  outer, 
and  two  on  the  inner  part  of 
the  grinding  surface.  In  the 
lower  jaw  the  first  incisor  is 
small  and  procumbent,  and 
the  second  large  and  lani- 
ariform ; the  third  is  absent, 
and  a vacant  space  separates 
the  incisors  from  the  three 
premolars,  and  the  crown 
of  each  true  molar  consists 
of  two  parallel  three-sided 
prisms,  each  terminated  by 
three  cusps,  and  having  one 
of  the  angles  turned  out- 
ward,  and  one  of  the  faces 
inward.  The  dental  formula 
of  this  genus,  according  to 
the  above  description,  is — 
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. 3.J^  l.l  3.3  3.3  l>ei}tltloti  of  Mole  iTolpoA 

*2:2'  *^00 ■•''3:3'  "*3:3“®®* 


The  dentition  of  the  common  Mole  ( Talpa  europaa),  fig.  24 1 , 
includes  eleven  teeth  on  each  side  of  both  upper  and  lower 
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jaws.  The  firet  three,  i,  in  the  uj)[>er  jaw  are  very  small,  with 
simple  incisive  crowns,  and  are  each  implanted  by  a long  and  slender 
fang  in  the  premaxillary,  22  : these  teeth  are  incisors.  The  next 
tooth,  c,  by  the  size  and  shaj)e  of  the  crown,  represents  a canine, 
blit  it  is  implanted  by  two  fangs,  like  the  succeeding  jiremolar 
teeth.  Three  of  these  teeth,  p 1,  2,  3,  arc  of  small  size,  with 
compressed  conical  crowns ; the  fourth  premolar,  p 4,  has  a larger 
three-sided  conical  crown,  supported  by  three  fangs  : the  crowns 
of  the  true  molars,  m 1,  2,  3,  are  multicuspid ; the  middle  one  the 
largest,  with  five  points,  and  usually  supported  by  four  fangs,  the 
hindmost  the  smallest,  with  a tricuspid  crown  and  three  fangs. 
In  the  lower  jaw  the  first  four  teeth  on  each  side  are  small,  simple, 
and  siiigle-fanged,  like  the  three  incisors  above,  but  the  outer- 
most, c,  is  the  largest ; the  fifth  tooth  has  a large  laniariform 
crown,  supported  by  two  fangs,  being  very  similar  to,  but  shorter 
than,  the  two-fanged  canine  above.  As  it  passes  behind  that 
tooth  when  the  mouth  is  shut,  we  must  regard  it  as  a premolar, 
p i : it  is  the  first  and  largest  of  the  series  of  four  premolars, 
each  of  which  has  a small  posterior  talon  at  the  base  of  the  com- 
pressed conical  crown.  The  three  true  molars,  m 1,  2,  3,  are 
each  implanted  by  two  fangs,  and  have  quinque-cuspid  crowns, 
the  middle  molar  being  the  largest. 

According  to  this  homology,  the  dental  formula  of  the  genus 
Talpa  is — 


. 3.3 

' 3.3’ 


1.1  4.4  .3.3 


44. 


The  teeth  arc  equal  in  number,  and  alike  in  both  jaws ; the  true 
molars  are  reduced  to  the  normal  quantity  in  the  placental  series, 
and  the  entire  dentition  is  the  least  anomalous  of  any  which  is 
manifested  in  the  family  Talpida. 

The  transition  from  the  Moles  to  the  Shrews  seems  to  be  made 
by  the  M’ater-moles  (Mygnle)  and  the  Solenodon.  The  latter 
insectivorc  combines  the  form  of  a gigantic  Shrew,  with  a denti- 
tion resembling  that  of  the  C'hrysochlore.  Each  premaxillary 
bone  contains  three  incisors,  the  first  large,  canine-shaped,  grooved 
anteriorly,  with  the  point  inclined  backward ; the  other  two 
incisors  small,  with  simple  conical  crowns  ; these  are  succeeded 
by  seven  teeth,  the  two  anterior  having  three-sided  conical 
crowns,  the  other  five  bearing,  in  addition,  an  external  tuber- 
culate  basal  ridge.  In  the  lower  jaw,  the  anterior  incisor  is  very 
small,  and  the  second  large  and  laniariform,  as  in  Scalops,  but  it 
is  remarkable  for  a deep  longitudinal  excavation  upon  its  inner 
side ; the  third  lower  incisor  is  small  and  simple.  Of  the  seven 
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sncceeding  teeth,  the  four  laat  have  multicuspid  crowns  like  true 
molars.  Potamogalt  ’ has — 


. 3.3  0.0  3.3  3.3  „ , 

' 3.3*  ' 6.0'  ^ 3.3’  " 3.3  ~ 


In  this  large  otter-like  piscivorous  shrew  the  anterior  tooth  of 
the  premolar  series,  in  the  above  formula,  may  be  homologous 
with  the  canine  in  fig.  242 ; the  double  fang  of  the  upper  one 
would  not  bar  sucli  determination.  The  posterior  incisors  and 
the  premolars  have  triangular  trenchant  crowns  like  the  teeth  of 
some  sharks : the  anterior  upper,  and  the  second  lower,  incisors 
are  large  and  prehensile,  as  in  Holenodon. 

The  typical  Shrews  always  manifest  their  rodent  analogy  by 
the  great  preponderance  of  the  anterior  pair  of  incisors  in  both 
upper  and  lower  jaws  (vol.  ii.  p.  277,  fig.  155’).  In  the  lower  jaw 
the  great  incisor,  ib.  2,  i,  is  uniformly  succeeded  by  two  small, 
p 3,  4,  and  three  large,  m i , t,  3,  multicuspid  molars ; but  in  the 
up{)er  jaw  the  number  of  small  premolars  varies.  The  last  true 
molar  is  commonly  of  small  size.  The  subgenera  of  Shrews  are 
chiefly  based  upon  the  form  of  the  large  incisors  and  the  numerical 
variations  of  the  dentition  of  the  upper  jaw.  In  the  common  Shrew 
( Sorejc  araneut,  Linn.)  there  are  three  true  molars  and  four  small 
teeth  between  these  and  the  anterior  incisor ; this  tooth,  ib.  1 , i, 
has  a [jointed  tubercle  at  the  back  of  the  base  of  the  crown.  The 
long  procumbent  incisor  of  the  lower  jaw  has  the  trenchant  supe- 
rior margin  entire.  In  the  Sorex  (Amphisorex)  tetragonuTus,  the 
upper  edge  of  the  lower  incisor  is  notched ; the  large  upper  incisor 
appears  bifurcate  from  the  great  development  of  the  [josterior 
talon;  five  small  teeth, progressively  decreasing  in  size,  intervene 
Ijetween  the  upper  large  incisor  and  the  true  molars.  In  the 
•Sorex  {^Hgdrotorex')  Hermanni,  the  trenchant  edge  of  the  lower 
|>rocumbent  incisor  is  entire  ; there  are  four  small  teeth  between 
the  large  anterior  incisor  and  the  true  molars  in  the  upper  jaw,  as 
in  the  great  Sorex  indicus ; but  the  three  first  are  subequal,  and 
the  fourth  very  minute ; there  is  a fourth  small  true  molar  above. 
The  enamcllc<l  ti[is  of  the  teeth  of  the  species  of  Amphisorex  and 
Hgdrosurex  are  stained  of  a bright  brown  colour ; the  teeth  of  Sorex 
proper,  as  the  common  Shrew  ( S.  araneus),  are  not  so  stained.’ 

In  the  progress  of  the  formation  of  the  large  notched  incisors, 
the  summits  of  the  tubercles  are  first  formed  as  detached  points. 


' Du  Chailln,  xiii'',  ind  clxti",  p.  333. 

* CUT",  p.  6. 

* In  this  figure  the  tooth  marked  p I,  being  at  ibe  iniure  of  the  premaxilUrj  with 
the  maxillarj,  should  be  the  canine,  e 1. 

* CI-XTIl",  p.  6. 
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supported  upon  the  common  pulp,  and  do  not  become  united 
until  the  centripetal  calcification  has  converted  this  into  a common 
dentmal  base.  Some  anatomists  have  regarded  the  large  incisor 
so  formed  as  an  aggregate  of  two  or  three  teeth ; but  in  Sorex 
proper  and  Ilydrosorex,  the  calcification  of  the  lower  incisor 
spreads  from  a single  point,  and  the  interpretation  of  the  notched 
incisor  of  the  Ampliisorex,  as  the  representative  of  these  incisors, 
might,  by  parity  of  reasoning,  be  applied  to  the  human  incisor 
teeth,  the  dentated  margins  of  wliich  are  likewise  originally  three 
or  four  separate  tubercles. 

The  determination  of  the  small  teeth  between  the  largre  an- 
terior  incisoi-s  and  the  multicuspid  molars  depends  upon  the 
extent  of  the  early  anchylosed  premaxillaries ; the  incisors  being 
defined  by  their  implantation  in  those  bones,  the  succeeding  small 
and  simple-crowned  molars  must  be  regarded  as  premolars,  not 
any  of  them  having  the  development  or  office  of  a canine  tooth  ; 
their  homotypes  in  the  lower  jaw  are  implanted  by  two  roots. 

The  thickness  of  the  enamel,  in  proportion  to  the  body  of 
dentine,  is  unusually  great  in  these  small  insectivores,  and  the 
sharp  points  of  the  teeth  long  retain  their  fitness  for  the  office 
of  cracking  and  crushing  the  hard  or  tough  teguments  of  insects. 
The  enamel-pulp  of  the  lower  incisors  is  so  large  as  to  over- 
lap, in  the  young  Shrew,  the  growing  margin  of  the  socket,  so 
as  to  encase  ndth  enamel  not  only  the  crown  of  the  tooth,  but 
also  the  contiguous  part  of  the  jawbone  : the  roots  of  these  teeth 
242  also  become  anehylosed  to 
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the  jawbone,  a reptilian  cha- 
racter offered  by  the  Soricida 
alone  in  the  Alammalian  class. 

In  a large  long-legged  and 
long-snouted  African  Shrew 
{Rhynchocyon,  Peters')  the 
lower  incisors  are  bilobed ; 
the  upper  ones  absent,  giving 
the  following  dental  for- 
mula, fig.  242  ; — 


.0.0  1. 1 3.3 

I ; c — : p : 
3.3*  l.r^3.3’ 


The  premaxillaries  terminate 
in  a trenchant  edentulous 


border,  a,  as  in  the  true  ruminant : to  the  hard  gum  covering  it  are 
opposed  the  crowns  of  the  six  lower  incisors,  ib.  b,  f ; a canine,  c, 
with  a similar-sized  but  simple  crown,  seems  part  of  the  semi-cir- 


' LXXXIV",  p.  lOG. 
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oiilar  incisive  series,  as  in  ruminants,  and  is  separated  by  a slight 
interval  from  the  premolar,  2.  The  canine  above,  a,  c,  has  a long 
compressed  pointed  crown,  with  a sharp  hind  border:  its  root  is 
dee]>ly  implanted  and  divided  into  two  fangs : it  descends  outside 
the  lower  teeth  and  their  alveoli,  reminding  one  of  the  canines  in 
the  small  Musk-deer.  The  upper  premolars,  a,  p,  2,  3,  4,  have 
compressed  pointed  crowns  increasing  in  size  as  they  approach 
the  molars:  the  hind  border  of  the  second  has  one  notch,  that  of 
the  third  two  notches,  and  a low  sub-bilobed  inner  portion.  The 
molars  decrease  in  size  to  the  third : the  first  and  second  above 
have  two  outer  cusps  more  produced  than  the  two  inner  ones : 
the  third  molar  has  the  hind  pair  blended  into  one  cusp.  The 
first  lower  premolar  has  a longer  but  thinner  crown  than  the 
last.  The  first  and  second  lower  molars  are  4-cuspid ; the  third, 

3- cuspid ; and  the  first  has  an  anterior  talon. 

Macrotcelidet  and  Petrodromus,  also  South  African  Insec- 
tivora  with  long  hind-limbs  and  a long  snout,  have  similar 

4- cuspid  molar  teeth,  the  last  molar  the  smallest  and  with  the 
outer  and  inner  cusps  of  the  hind  pair  blended  into  one.  The 
last  premolar  above  has  a low  beginning  of  the  inner  cusps, 
which  are  the  lowest  in  the  true 

molars.  In  the  lower  jaw  of  ^ 

Macroscelidet  fuscus  the  type  s " i 

series  is  preserved,  viz.  : — i 3,  ^ 

c 1,  p 4,  m 3 ; but /»  1 is  undeve-  ^ /flP  ’^3 

loped  above;  and  p I is  wanting,  B s 

both  above  and  below,  in  Pe-  / if® 

trudromus,  as  in  lihynchocyon.  WY  ' 

Bdeoyale  crassicauda  (Pe-  ^ Wp  \ ' ''•'3 

ters),  with  the  following  for-  ^ j fiP' 

mula: — 3 V ^ •' 


is  remarkable  for  the  large  pro-  ' 

{K>rtional  size  of  the  upper  1 
outer  incisor,  which  almost 
equals  the  canine.  Y 

In  the  dentition  of  the  Tu-  ® 

paias  {Glisorex,  fig.  243)  we  1.  upper  j 
trace  characters  intermediate  > 

between  those  of  Shrews  and  Hedgehogs. 
Glitorex  tana  is — 


D«niU1on  L)f  T>*pai». 

I.  Upper  J»w,  b «l(lc  view,  a wurkliifr  turf^re 
3.  Lower  Jaw,  a working  sarfAcc,  b fide  rlew. 


The  dental  formula  of 
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The  upper  incisors  are  small,  simple,  and  wide  apart  in  the 
upper  jaw,  I ; the  anterior  incisor  in  the  lower  jaw,  2,  is  long  and 
procumbent,  hut  relatively  smaller  than  in  the  Shrews ; the 
canines  are  small  in  both  jaws ; the  premolars,  2,  3,  4,  increase 
in  size  and  complexity  as  they  approach  the  true  molars,  1,  2,  3. 

In  Gj/mntira  each  premaxillary  bone  contains  three  teeth ; the 
next  has  the  form  and  size  of  a canine  in  both  upper  and  lower 
jaws,  but  has  two  roots  in  the  upper  jaw ; this  is  followed  by  four 
premolars,  the  last  of  which,  in  the  upper  jaw,  is  large  and  quad- 
ricuspid : the  first  and  second  of  the  true  molars  have  square 
multicuspid  crowns ; the  last  molar  is  smaller  and  triangular. 
In  the  lower  jaw  the  fourth  premolar  has  a compressed  tricuspid 
crown.  The  dental  formula  of  Gymnura  is  typical,  viz. : — 


'3.3’  ' 


4.4’  "3.3 


The  dentition  of  our  common  Hedgehog  {Erinaceus  europatui) 
shows  greater  inequality  in  the  upper  and  lower  jaws,  the  formula 
being — 


.3.3  M 3.3 
*373*  'o.o‘^2.2* 


3 3 

^ 36,  fig.  244. 


The  first  incisor  in  both  upper  and  lower  jaws  is  larger  and 
1 244  2 longer  than  the  rest,  and 


is  very  deeply  implanted 
in  the  jaw;  the  tooth 
which  follows  the  incisors 
is  small  in  both  jaws, 
but  especially  so  in  the 
lower;  it  may  be  called 
a canine  with  two  roots 
in  the  upper  jaw,  p 1. 
The  last  premolar  is  the 
largest  in  both  jaws  ; 
above  it  has  a quadri- 
cuspid  crown  with  three 
fangs ; below,  a subcom- 
prcssed  tricuspid  crown 
with  two  fangs.  The  true 
molars  decrease  in  size 
from  the  first  to  the  third 


Dciititit»u  »f  HcdgrbofT. 

1.  Luwcr  Jaw,  b side  vii-w,  a worklug  ■urfaee. 
3.  L'ppvr  Jaw,  a worktQg  turfsc^,  b aide  view. 


in  both  jaws,  the  first 
and  second  have  sub- 


quadrate  four-pointed  crowns  above ; below,  they  are  narrower, 
and  the  anterior  and  inner  angle  is  produced  into  a fifth  cusp. 
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The  true  molars  of  the  tropical  Hedgehogs,  forming  the  sub- 
geuera  Echirwp$  and  Ericulut,  arc  more  simple,  and  approach  the 
form  of  those  in  the  Chrysochlore,  being  compressed  from  before 
backward,  with  two  outer  cusps  and  one  inner  cusp  in  the  upper 
jaw,  and  with  one  outer  and  two  inner  cusps  in  the  lower 
jaw.  The  number  of  incisors  is  in  both  subgenera,  which  are 
followed  by  small  and  simple  premolars  ; but  Ericulut  has 
compressed  tricuspid  molars,  and  Echinopt  only 

The  large  Tenrecs  or  tailless  Hedgehogs  of  Madagascar,  com- 
bine the  simple  molars  of  Ericulut  with  the  most  formidably 
developed  canines  which  are  to  be  met  with  in  the  whole  order 
Iiuectivora.  The  incisors  are  two  in  number  in  the  upper  jaw, 
but  three  in  the  lower  jaw;  very  small  and  sub-equal  in  both; 
the  canines  are  long  and  large,  compressed,  trenchant,  sharp- 
]X)inted,  recurved,  and  single-fanged,  thus  presenting  all  the 
typical  characters  of  those  teeth  in  the  Camicora.  They  are 
separated  in  both  jaws  by  a wide  space  from  the  premolars ; the 
first  above  is  compressed,  unicuspid  with  a hinder  talon,  and 
two-fanged ; the  second  has  a larger  prismatic  tricuspid  crown  and 
three  fangs ; of  the  four  posterior  teeth,  which  by  their  antero- 
jKKterior  compression  may  be  regarded  as  true  molars,  the  first 
three  have  tricuspid  crowns  as  in  the  Echinopt,  and  have  three 
fangs ; the  fourth  is  smaller,  is  tricuspid,  and  has  two  fangs ; all 
the  lower  molars  have  two  fangs. 

The  teeth  of  Insecticora  consist  of  a ba«is  of  bard  dentine, 

with  a thick  coronal  investment  of  enamel,  and  an  outer  covering 

of  cement,  very  recognisable  in  the  interspaces  of  the  coronal 

cusps  in  microscopic  sections  of  the  molars  of  the  larger  sjjecies, 

as  the  Tenrecs  and  Macroscelids,  and  always  thick  when  it  closes 

the  extremitv  of  the  fan<ra.  Here  the  cement  is  commonlv  more 
» “ • 

highly  organised,  is  traversed  by  medullary  canals,  generally 
presenting  concentric  walls;  it  thus  assumes  the  character  of  true 
bone,  and,  in  the  Soricidee,  is  frequently  continued  into  the  sub- 
stance of  the  jaw  itself. 

The  small  proportion  of  dentine,  in  comparison  with  the  thick 
layer  of  enamel,  has  been  already  alluded  to  in  the  .Shrews,  yet 
the  dentinal  tubuli  are  at  their  commencement  very  little  inferior 
in  diameter  to  those  of  the  human  incisors ; the  trunks  are  very 
short,  and  are  resolved  into  radiated  penicilli  of  undulating 
branches,  which  quickly  subdivide,  interlace  and  anastomose 
tfigether  near  the  boundary  line  between  the  dentine  and  enamel. 
In  most  of  the  Insecticora,  the  secondary  branches  of  the  den- 
tinal tubes  are  unusually  conspicuous,  especially  in  the  dentine 
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forming  the  fangs.  The  dentinal  compartments  (vol.  i.  fig.  237) 
are  rarely  well  defined ; in  the  large  canines  of  the  Centetet  they 
are  subhexagonal. 

The  deciduous  teeth  of  the  Moles  and  Shrews  are  uterine,  i.e.. 


to  a very  slight  extent,  and  these  microscopic  rudiments  appear 
to  be  absorbed  rather  than  shed.  The  deciduous  incisors  are 
further  advanced  before  their  displacement,  and  present  the  form 
of  equal-sized  dentinal  spicula,  tipped  with  enamel,  attached  hy 
the  opposite  end  to  the  gum,  and  nut  exceeding  -j^th  of  an  inch 
in  length ; the  number  of  the  uterine  series  of  teeth  is 

In  the  volant  Insectirora,  or  Bats,  the  canines  are  always 
present  in  both  jaws,  of  the  normal  form,  and  with  slightly 
variable  proportions.  The  molar  series  never  exceeds  and  is 
divisible  into  premolars  and  true  molars ; the  latter  are  bristled 
with  sharp  points  in  the  great  bulk  of  the  Cheiroptera.  The  inci- 
sors are  the  most  variable  teeth ; they  may  be  entirely  wanting,  or 

be  present  in  the  numbers  of  they  are  always  very  small, 

and,  in  the  upper  jaw,  commonly  unequal,  and  separated  by  a 
wide  median  vacancy.  In  the  genus  Chiloni/cteris,  the  mid- 
incisors above  and  the  outer  ones  below  have  the  crown  notchetl ; 
the  mid-incisors  below  have  two  notches,  producing  three  lobes 
on  the  cutting  border.  Taking  the  common  simple-nosed  Bat 


lar  above  has  a large,  trie«lral,  |»ointcd  crown.  The  first  and  second 
molars  have  two  large  external,  and  three  small  internal  cus|>s. 
The  dentition  of  the  blood-sucking  Bats  deviates,  as  might  bo 


are  developed  and  disappear  before  birth.  They  are  extremely 
small,  and  are  all  of  the  most  simple  form.  In  the  fetal  Sorex 
araneus  calcification  of  the  papillary  exposed  pulps  of  the  teeth, 
which  are  succeeded  by  the  first  and  second  premolars,  proceeds 


A 


( Vespertilio  murinug)  as  a 
type  of  this  Insectivorous 
group,  we  find  its  dental 
formula  to  be — 


c 


In  the  loaf-nosed  Bats 
(PhyUostoma,  fig.  245)  the 
incisors  are  *:J,  the  mid 
pair  above  being  large  and 
laniariform ; the  canines 
arc  wcll-developetl  in  Iwth 
jaws.  The  seconil  prcnio- 


UroiUlun  of  k«f-a<i«rd  Bat 
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anticipated,  in  a remarkable  degree  from  that  of  the  insectivorous 
kinds.  The  crushing  instruments  requirwl  for  the  f«X)d  of  the 
latter  are  not  needed ; and  the  true  molars, 
with  their  bristled  crowns,  are  entirely  absent 
in  the  Vampires  {^Desmodux),  fig.  246.  The 
teeth,  at  the  fore-part  of  the  mouth,  are  espe- 
cially developed,  and  fashioned  for  the  inflic- 
tion of  a deep  and  clean  triangular  puncture, 
like  that  made  by  a leech.  The  incisors  are  «•»  «d<i  rwb  at  tb«  rtm- 
two  in  number  above,  closely  approximated, 
one  in  each  premaxillary  bone,  with  a very  large,  compressed, 
curved,  and  sharp-pointed  crown,  implanted  by  a strong  fang  which 
extends  into  the  maxillary  bone.  The  upper  canines  have  similar 
large  lancet-shaped  crowns,  and  their  bases  touch  those  of  the  in- 
cisors. In  the  lower  jaw  the  incisors  are  two  in  number  on  each 
side,  much  smaller  than  the  upper  pair,  and  with  bilobed  crowns. 
The  lower  canines  are  nearly  equal  in  size  to  those  above,  and 
have  similar  piercing  trenchant  crowns.  The  molar  series  is  reduced 
above  to  two  very  small  teeth,  each  with  a simple  compresseil 
conical  crown,  implanted  by  a single  fang.  The  first  two  molars 
below  resemble  those  above ; but  they  are  followeil  by  a third, 
which  has  a larger  compressed  and  bilobed  crown,  implanted  by 
two  fangs.  This  tooth  corresponds  with  the  last  premolar  in  the 
more  normal  genera.  The  dental  formula  of  the  true  Desmodut 
is  thus  reduced  to — 


246 


.11  ri  ^ 

' 2.2’  ^ l.l’  ^ 3.3 


= 20. 


The  opposite  extreme  which  the  aberrant  varieties  of  the  Chei- 
ropterous  dentition  attain  is  manifested  in  the  great  frugivorous 
Bats : these  constitute  the  genus  Pterojms ; their  dental  formula 

is — 


.2.2  t.l  2.2 
' 2.2’  1.1’  ^ SJ’ 


= 34. 


(vol.  ii.  p.  388,  fig.  252);  their  molars  have  broad  flat  crowns. 
In  some  African  IHeropi  (Pt.  macrocrphaltu  and  Pt.  Hltitri)  the 
last  small  molar  would  seem  to  be  wanting  in  both  upper  and 
lower  jaws.  The  deciduous  teeth  make  their  appearance  above 
the  gnm  in  Bats,  as  in  Shrews,  before  birth ; but  they  attain  a 
more  completely  developed  state,  and  are  retained  until  a short 
time  after  birth,  when  they  are  shed. 

The  Colugos  (^Galeopithecus)  resemble  the  Bats  in  the  great 
expanse  of  their  parachute,  formed  by  the  fold  of  integument 
extending  on  each  side  from  the  fore  to  the  hind  extremity,  and 
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in  the  incompleteness  of  the  rim  of  the  orbit  (vol.  ii.  p.  388, 
fig.  253,  a).  The  dental  formula  of  the  genus  is — 


The  two  anterior  incisors  of  the  upper  jaw  are  separated  by  a 
247  wide  interspace.  In  the  Phi- 

lippine Colugo  they  are  very 
small,  with  simple  sub-bilobed 
crowns ; but  in  the  common  Co- 
liigo  [Lemur  volans,  Linn.;  Ga- 
leopithecus  Temminckii,  Wat.) 
their  crown  is  an  expanded 
plate  with  three  or  four  tuber- 
cles ; the  second  upper  incisor 
presents  the  peculiarity  of  an 
insertion  by  two  fangs  in  both 
species  of  Galeopithecus. 

In  the  lower  jaw  the  crowns 
of  the  first  two  incisors,  t,  j)re- 
sent  the  form  of  a comb,  and 
are  in  this  respect  unique  in  the 
class  Mammalia.  Fig.  249 
shows  a section  of  one  of  these 
teeth  magnified.  This  singular 
fonn  of  tooth  is  produced  by 
the  deeper  extension  of  the 
marginal  notches  on  the  crown,  analogous  to  those  on  the  edge  of 
the  new-formed  human  incisor,  and  of  those  of  certain  Shrews, 

the  notches  being  more  nu- 
merous as  well  as  deeper. 

Each  of  these  broad  pec- 
tinated teeth  is  implanted 
by  a single  conical  fang,  and 
is  excavated  by  a pulp- 
cavity,  which  divides  into  as 
many  canals  as  there  are 
divisions  of  the  crown,  one  being  continued  up  the  centre  of  each 
to  within  a short  distance  of  its  apical  extremity.  The  medullary 
canal  or  branch  of  the  pulp-cavity  is  shown  in  some  of  the  divi- 
sions of  the  crown,  at  p.  Each  division  has  its  proper  investment 
of  enamel,  e,  which  substance  is  continued  for  a short  distance 
UJK*!!  the  common  base. 

The  deciduous  teeth  appear  not  to  cut  the  gum  before  birth,  as 
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they  do  in  the  true  Bats.  In  a fcetus  of  Galeopithecus  Tem- 
minckii,  with  a head  one  inch  and  a half  in  length,  I found  the 
calcihcation  of  the  first  incisor  just  commenced  in  the  closed 
alveolus,  the  second  incisor  219 

and  the  rest  of  the  decidu- 
ous series  being  represented 
by  the  vascular  uncalcified 
matrices.  The  upper  milk 
teeth  consist  of  two  incisors,  >> 
a canine,  and  two  molars, 
which  latter  are  displaced  ^ 
and  succeeded  by  the  two 
premolars.  The  deciduous 
teeth  are  six  in  number  in 
the  lower  jaw,  the  incisors 
being  pectinated,  but  much 
smaller  than  their  succes- 
sors. The  true  molars  are 
developed  and  in  place  be- 
fore tlie  deciduous  teeth 
are  shed. 

E.  Quadrumana.  — In 
entering  upon  the  dentition 
of  the  Quadrumanous  order, 
we  pass  from  that  of  the  T. 

Jjuectivora  by  the  Colugo,  and  seem  to  quit  the  Rodentia  by 
the  Aye-aye  ( Chiromys).  In  this  genus  of  the  Lcmurine  animals, 
as  in  Phatcolomys  amongst  the  Marsupials,  Desmodus  amongst  the 
Bats,  and  Sorex  amongst  the  Insectivores,  the  dentition  is  modi- 
fied in  analogical  conformity  with  the  Rodent  type,  to  which,  in 
the  present  instant,  it  makes  a very  close  approximation,  the 
canines  being  absent,  and  a wide  vacancy  separating  the  single 
pair  of  large  curved  scalpriform  incisors  in  each  jaw  from  the 
short  series  of  molars. 

The  upper  incisors  (vol.  ii.  p.  513,  fig.  .343,  sa)  are  curved 
in  the  segment  of  a circle,  and  deeply  imjdanted.  The  short 
exserted  crowns  touch  one  another,  their  simple  widely  exca- 
vated fangs  diverging  as  they  penetrate  the  substance  of  the  jaw. 
These  crowns  also  project  obliquely  forward,  and  do  not  extend 
vertically  downward,  as  in  the  true  Rodentia.  The  lower  inci- 
sors are  more  depressed,  and  of  greater  breailth  from  before  back- 
ward, than  the  upper  ones.  They  are  more  curved  than  in  the 
Rodentia,  describing  a semicircle,  three-fourths  of  which  arc 
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l.l  , 1.1 

; dm  — 
O.O’  1.1 


13. 


lodged  in  the  socket,  wliich  extends  backward  beyond  the  last 
molar  tooth  to  the  base  of  the  coronoid  process.  The  most  im- 
portant character  by  which  the  incisors  of  this  anomalous  Lemur 
iliffer  from  those  of  the  Rodentin  is  the  entire  investment  of  ena- 
mel, which  is,  however,  thicker  upon  the  front  than  upon  the  back 
jiart  of  the  tooth.  The  molar  teeth  are  four  on  each  side  of  the 
upper  jaw,  and  three  on  each  side  of  the  lower  Jaw,  implauted 
vertically  and  in  parallel  lines.  The  molars  are  of  simple  struc- 
ture, with  a continuous  outer  coat  of  enamel,  and  a flat  subelliptic 
grinding  surface.  The  upper  ones  are  of  unequal  size,  the  first 
being  the  smalle.st,  and  the  second  the  largest.  In  the  lower  jaw 
the  inequality  is  less,  and  the  last  molar  is  the  least.  The  first  and 
last  molars  above  have  but  one  root;  the  second  and  third  have 
each  three  roots.  The  first  lower  molar  has  two  roots ; the  second 
and  third  have  each  a single  root.  The  adult  dental  formula  is — 

.1.1  0 1.1  .S..1 

• ri‘%’^b.i)'  "3.3-'®- 
The  deciduous  dentition 
.3.3 
' l.l' 

The  second  upper  incisor  and  canine,  and  the  lower  milk-molar,  all 
which  are  very  minute,  are  not  replaced ; the  first  true  or  perma- 
nent molar  follows  so  speedily  the  deciduous  one  that,  being  ‘ in 
place  ’ therewith,  it  has  been  reckoned  with  the  milk-dentition.' 
The  lower  jaw  is  miMlified  to  give  strength  to  the  muscles 

wielding  the  enormous  and 
jKiwerful  incisors  by  the  low 
]M>sition  of  the  condyle,  analo- 
gous to  that  in  Plagiaulax  and 
other  carnivorous  Mammals, 
_ contrasting  with  its  high  posi- 
, ^ tion  in  true  Rodents  and  Kan- 

The  Avahi,  or  woolley  Le- 
mur (Lirhanntu.1  laniger,  fig. 
a.'jO),  has  the  incisors  of  the 
lower  jaw  large  and  limited  to  a 
single  pair,  but  far  from  show- 
ing the  pro|>ortions  of  those  in  Chiromys:  the  upper  incisors  are 
in  two  pairs,  ns  in  the  milk-<lcntition  in  Cliiromi/s,  and  arc  small. 

The  dental  formula  in  the  Slow  Lemurs  ( Slennps,  Tartius)  is — 

.33  1.1  3.3  3.3 

t ; r IP  ; m o 36. 

2.2  l.r'  3.3*  33 

The  first  upper  incisor  is  larger  than  the  second. 

' CXXIl''. 


DroiiuuD  uf  WiMtiU'f  l.ciiiur. 
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Otolicnut  and  Lemur  have  the  same  number  and  kinds  of 
teeth.  In  the  up)>er  jaw  the  incisors  are  small  and  vertical ; the 
two  on  the  right  side  are  separated  by  a wide  space  from  the 
two  on  the  left.  The  lower  canines  are  compressed  and  procum- 
bent like  the  incisors,  but  are  a little  larger.  The  upper  canine 
is  long,  curved,  compressed,  sharp-edged,  and  pointed.  The 
three  upper  premolars  have  the  outer  |>art  of  the  crown  pro- 
longed into  a compressed  pointed  lobe,  whilst  the  inner  part 
forms  a tubercle,  which  is  largest  in  the  third.  In  the  true 
molars  the  inner  division  of  the  crown  is  so  increased  as  to  give 
it  a quadrate  form,  the  outer  division  being  divided  into  two 
pointed  lobes.  The  premolars  below  are  long,  and  the  molars 
4-cuspid  in  Otolicnus. 

All  the  American  Quadrumana  are  distinguished  from  the  Apes 
and  Monkeys  of  the  Old  World  by  the  superior  numl>er  of  the 
premolars,  aud,  by  this  resemblance  to  the  Lemurs,  they  show 
their  inferior  position  in  the  zoological  scale.  The  small  ‘ Mar- 
mosets,’ however,  forming  the  genera  Ilapale  and  Midas,  have  but 
two  true  molar  teeth  on  each  side  of  both  jaws,  their  dental 
formula  being — 


.2.2  l.l  3..t  2.2 

* 2.2’  ^ l.l’^  3.3’  "2.2 


- 32. 


The  leraurine  character  of  the  long,  narrow,  inferior  incisors  con- 
tinues to  be  manifested  by  the  Sakis  (Pitheda  111.),  which,  like 
the  larger  species  of  Platyrhines  called  Howlers,  Capuchins,  and 
Spider-Monkej's,  have  the  normal  number  of  true  molar  teeth  in 
the  Quadrumanous  order,  their  dental  formula  being — 


. 2.2 
* 2.2 


0*  ‘ I 1*^3  3*  " - - - 


1.1 

1.1’ 


3.3 
' 3.3 


251 


The  Capuchin  Monkeys  ( Cebus,  vol.  ii.  fig.  349)  have  the  four 
lower  incisors  broad,  thick,  and  wedgc-sha|>ed — a fiimi  which 
these  teeth  retain,  with  slight  modi- 
fications, throughout  the  Quadru- 
manous order.  The  canines  are 
sufficiently  developed  to  inflict  se- 
vere wounds.  The  first  three  of  the 
molar  series,  p,  2,  3,  4,  are  bicuspid 
uremolars;  the  rest,  m,  i,  2,  3,  arc 
quadricuspid  true  molars.  The  dc-  V, 
ciduous  formula  is — 

.2.2  1.1  3.3 

*2.2''ij'"3":3  = ®*- 

Fig.  251  shows  the  deciduous  scries. 


OctWaou*  ami  u<r(li  of  a yooftf 
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</  i. ...  4,  in  place,  together  with  the  first  of  the  permanent  true 

molars,  »m,  i ; the  germs  of  the  rest  of  the  permanent  teeth  are 
exposed  in  the  upper  jaw. 

In  the  Catarhine  division  of  the  order,  the  first  or  deciduous 
dentition  consists  of — 


The  two  milk  molars  are  displaced  and  succeeded  vertically  by 
the  two  bicuspid  premolars,  and  are  followed  horizontally  by 
three  true  molars  on  each  side  of  both  upper  and  lower  jaws. 
The  permanent  formula  in  all  the  Old  World  Quadrumana  is — 


S.S  11  2.2  3.3 

' ^ i.l’^  2.2'  "*  3.3 


- 32,  fig.  252. 


The  incisors  have  always  a shape  conformable  to  their  name, 
252  hut  are  very  thick  and  strong ; 

in  the  upper  jaw  the  middle  arc 
larger  than  the  lateral  ones, 
and  both  are  larger  than  those 
below.  The  canines  are  coni- 
cal, pointed,  with  trenchant  pos- 
terior margins,  always  longer 
than  the  adjoining  teeth,  and 
acquiring,  in  the  males  of  the 
great  Baboons  and  Orangs,  the 
proportions  of  those  teeth  in  the  Carnivora.  The  Mandrills  Papio 
maimon  (fig.  252)  have  these  dental  weapons  most  formidable  for 
their  size  and  shape ; especially  the  upper  pair,  which  descend 
behind  the  crowns  of  the  lower  canines,  and  along  the  out.slde  of 
the  first  lower  premolars,  the  crowns  of  which  seem  as  if  bent 
bock  by  the  action  of  the  upper  canines  ; the  anterior  longitudinal 
groove  of  these  teeth  is  very  deep,  their  posterior  margin  very 
sharp.  A long  diastema  divides  the  upper  canine  from  the  inci- 
sors, a short  one  separates  it  from  the  premolars ; these  and  the 
three  true  molars  arc  arranged  in  a straight  line. 

In  the  Orang-utan  {Pithecus  H’urmbii),  vol.  ii.  p.  534,  fig. 
.355,  the  thickness  of  the  base  of  the  crown  of  the  upper  middle 
incisors  equals  the  breadth  of  the  same  ; and  they  are  double  the 
size  of  the  lateral  incisors.  The  abraded  surface  of  the  front 
incisors  in  the  old  Orang  forms  a broad  tract  extending  obliquely 
from  the  cutting  edge  U)  the  back  part  of  the  base  of  tbe  crown  ; 
the  lateral  incistirs  arc  more  pointed,  tlie  outer  angle  being  ob- 
li(iuely  truncated  ; a vac.ant  sj)acc  of  their  own  breadth  divides 
them  from  the  canines.  These,  in  the  male  Orang,  have  a long 
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and  strong  slightly-curved  crown,  extending  below  the  alveolar 
bonier  of  the  under  jaw  when  the  mouth  is  shut,  with  a 
moderately  sharp  posterior  margin,  but  without  an  anterior 
groove.  In  the  female  Orang  the  canines  are  smaller ; the  crowns 
extend  only  a short  distance  beyond  the  level  of  the  adjoining 
molars.  In  the  upper  jaw  both  premolars  and  molars  are  im- 
planted by  three  diverging  roots,  two  external  and  one  internal  ; 
in  the  lower  jaw  the  corresponding  teeth  have  two  strong  di- 
verging i-oots ; the  series  of  grinders  forms  a straight  line  on  each 
side  of  both  jaws. 

As  the  precise  characteristics  and  ordinal  distinction  of  the 
human  dentition  are  best  demonstrated  by  comparison  with  that 
brute  species  which  is  most  nearly  allied  to  man,  the  details  of 
such  a comparison  will  here  be  given  and  illustrated  more  fully, 
as  manifested  in  the  Gorilla  ( Troglodytes  Gorilla).  Fig.  253 
gives  a side  view  of  the  teeth  of  a male  full-gro>vn,  but  not  aged, 
specimen  of  this  species.  In  the  upper  jaw  the  middle  incisors 
are  smaller,  the  lateral  ones  i,  2,  larger  than  those  of  the  Orang ; 
they  are  thus  more  nearly  equal  to  each  other ; nevertheless  the 
proportional  superiority  of  the  middle  pair  is  much  greater  than 
in  Man,  and  the  proportional  size  of  the  four  incisors  both  to 
the  entire  skull  and  to  the  other  teeth  is  greater.  Each  incisor 
has  a prominent  posterior  basal  ridge,  and  the  outer  angle  of  the 
lateral  incisors  i,  2,  is  rounded  off  as  in  the  Orang.  The  incisors 
incline  forward  from  the  vertical  line  as  much  as  in  the  Orang. 
Thus  the  characteristics  of  the  human  incisors  are,  in  addition  to 
their  true  incisive  wedge-like  form,  their  near  equality  of  size, 
their  vertical  or  nearly  vertical  position,  and  small  relative  size 
to  the  other  teeth  and  to  the  entire  skull.  The  diastema  between 
the  incisors  and  the  canine  on  each  side  is  as  well  marked  in  the 
male  Gorilla  as  in  the  male  Orang.  The  crown  of  the  canine, 
fig.  253,  c,  passing  outside  the  interspace  between  the  lower 
canine  and  premolar,  /j3,  extends  in  the  male  Troglodytes  Gorilla 
a little  below  the  alveolar  border  of  the  under  jaw  when  the 
mouth  is  shut ; the  upper  canine  of  the  male  Troglodytes  niger 
likewise  projects  a little  below  that  border.  In  the  male  of  the 
Chimpanzee  {Troglodytes  niger),  the  upper  canine  is  conical, 
pointed,  but  more  compressed  than  in  the  Orang,  and  with  a 
sharper  posterior  erlge ; convex  anteriorly,  becoming  flatter  at 
the  pt)sterior  half  of  the  outer  surface,  and  concave  on  the  cor- 
responding part  of  the  inner  surface,  which  is  traversed  by  a 
shallow  longitudinal  impression ; a feeble  longitudinal  rising  and 
a second  linear  impression  divide  this  from  the  convex  anterior 
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Hurface,  which  also  bears  a longitudinal  groove  at  the  base  of  the 
crown.  The  canine  is  rather  more  than  twice  the  size  of  that 

2.13 


bcDtItloii  of  KQ  adult  male  Trogludi/Us  Oontta,  nat.  tlic.  CilT. 


Dentition  of  an  adult  female  Gorilla,  iiat.  «lie.  cm*. 

in  the  female.  In  the  male  Gorilla  the  canine  is  more  in- 
clined outward ; the  anterior  groove  on  the  inner  surface  of  the 
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crown  is  deeper,  the  posterior  groove  is  continued  lower  down 
upon  the  fang,  and  the  ridge  between  the  two  grooves  is  more 
prominent  than  in  the  Tnujlodi/tes  niyrr.  Both  preinolars. 


255 


of  ui>i>«*r  Jnw,  niiilt*  usi.  tlxr.  cm'. 


fig.  255,  p 3,  and  p 4,  are  bicuspid ; the  outer  cusp  of  the  first, 
and  the  inner  cusp  of  the  second  being  the  largest,  and  the  first 
premolar,  p 3,  consequently  appearing  the  largest  on  an  external 
view.  The  difference  is  well  marked  in  the  female,  fig.  254,  p 3. 
The  anterior  external  angle  of  the  first  premolar  is  not  produced 
as  in  the  Orang,  which  in  this  respect  makes  a marked  approach 
to  the  lower  Quadrumana.  In  Man,  where  the  outer  curve  of 
the  premolar  part  of  the  dental  series  is  greater  than  the  inner 
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one,  the  outer  cusps  of  both  premolars  are  the  largest ; the 
alternating  superiority  of  size  in  the  Gorilla  accords  with  the 
straight  line  which  the  canine  and  premolars  form  with  the  true 
molars.  In  fig.  255,  m i,  rn  2,  m3,  are  quadricuspid,  relatively 
larger  in  comparison  with  the  bicuspids  than  in  the  Orang.  In 
the  first  and  second  molars  of  both  species  of  Troglodytes  a low 
ridge  connects  the  antero-intemal  with  thepostero-extemal  cusp, 
crossing  the  crown  obliquely,  as  in  Man.  There  is  a feeble 
indication  of  the  same  ridge  in  the  unworn  molars  of  the  Orang  ; 
but  the  four  principal  cusps  are  much  less  distinct,  and  the  whole 
grinding  surface  is  flatter  and  more  wrinkled.  In  Troglodytes 
niger  the  last  molar  is  the  smallest,  owing  to  the  inferior  develop- 
ment of  the  two  hinder  cusps,  and  the  oblique  connecting  ridge 
is  feebly  marked.  In  Troglodytes  Gorilla  this  ridge  is  as  well 
developed  as  in  the  other  molars,  but  is  more  transverse  in 
position  ; and  the  crown  of  m 3 is  equal  in  size  to  that  of  m i or 
m 3,  having  the  posterior  outer  cusp,  and  particularly  the  pos- 
terior inner  cusp,  more  distinctly  developed  than  in  Troglodytes 
niger.  The  repetition  of  the  strong  sigmoid  curves  which  the 
unworn  prominences  of  the  first  and  second  true  molars  present 
in  Man,  is  a very  significant  indication  of  the  near  affinity  of  the 
Gorilla  as  compared  with  the  approach  made  by  the  Orangs  or 
any  of  the  inferior  Quadrumana,  in  which  the  four  cusps  of  the 
true  molars  rise  distinct  and  independently  of  each  other.  A 
low  ridge  girts  the  base  of  the  antero-intcrnal  cusp  of  each  of  the 
upper  true  molars  in  the  male  Chimpanzees ; it  is  less  marked  in 
the  female.  The  premolars  as  well  as  molars  are  severally  im- 
])lanted  by  one  internal  and  two  external  fangs.  In  no  variety  of 
the  human  species  are  the  premolars  normally  implanted  by  three 
fangs ; at  most  the  root  is  bifid,  and  the  outer  and  inner  divisions 
of  the  root  are  commonly  connate.  It  is  only  in  the  black  varie- 
ties, and  more  particularly  that  race  inhabiting  Australia,  that  I 
have  found  the  ‘ wisdom-tooth,’  fig.  257,  m 3,  with  three  fangs  as  a 
general  rule ; and  the  two  outer  ones  are  more  or  less  confluent. 
The  lower  canine  of  the  male  (figs  25.3,  256,  c),  shows  the  same 
relative  superiority  of  size  as  the  ujiper  one,  compared  with  that 
in  the  female,  in  both  species  of  Troglodytes.  The  canine  almost 
touches  the  incisor,  but  is  sepanited  by  a diastema  one  line  and  a 
half  broad  from  the  first  prcmolar.  This  tooth  p 3,  is  larger  ex- 
ternally than  the  second  premolar,  and  is  three  times  the  size  of 
the  human  first  premolar,  fig.  257,  />3;  it  has  a subtricdral 
crown,  with  the  anterior  and  outer  angle  produced  forward, 
slightly  indicating  the  peculiar  features  of  the  same  tooth  in  the 
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Baboons,  bat  in  a less  degree  than  in  the  Orang.  The  sununit 
of  the  crown  of  3 terminates  in  two  sharp  triedral  cusps — the 
outer  one  rising  highest  and  the  second  cusp  being  feebly  in- 
dicated on  the  ridge  extending  from  the  inner  side  of  the  first ; 
the  crown  has  also  a thick  ridge  at  the  inner  and  posterior  part  of 
its  base.  The  second  premolar,  p a,  has  a subquadrate  crown, 
with  the  two  cusps  developed  from  its  anterior  half,  and  a third 
smaller  one  from  the  inner  angle  of  the  posterior  ridge.  Each 
lower  premolar  is  implanted  by  two  antero-posteriorly  compressed 
divergent  fangs,  one  in  front  of  the  other,  the  anterior  fang 
being  the  largest. 

The  three  true  molars  are  nearly  equal  in  size  in  the  Troglo- 
dytes Gorilla,  the  last  being  a little  larger  than  the  first : in  the 
Troglodytes  niger,  fig.  256,  the  first,  m I,  is  a little  larger  than 
the  last,  m 3,  which  is  the  only  molar  in  the  smaller  Chimpanzee 
as  large  as  the  corresponding  tooth  in  the  black  varieties  of  the 
human  subject,  in  most  of  which,  especially  the  Australians,  fig. 
257,  the  true  molars  attain  larger  dimensions  than  in  the  yellow 
or  white  races.  The  four  principal  cusps,  especially  the  two  inner 


Teeiti  of  rlfht  ildo,  tower  >w,  of  adolt  m^e  Cblmpwuxce.  (TrogladtU*  uac.  »lie. 


ones  of  the  first  molar  of  both  species  of  Troglodytes,  are  more 
pointed  and  prolonged  than  in  Man  ; a fifth  small  cusp  is  deve- 
loped behind  the  outer  pair,  as  in  the  Orangs  and  the  Gibbons, 
but  is  less  than  that  in  Man.  The  same  additional  cusp  is  pre- 
sent in  the  second  molar,  which  is  seldom  seen  in  Man.  The 
crucial  groove  on  the  grinding  surface  is  much  less  distinct  than 
in  Man,  not  being  continued  across  the  ridge  connecting  the 
anterior  pair  of  cusps  in  the  Chimpanzee.  The  crown  of  the 
third  molar  is  longer  antero-posteriorly  from  the  greater  develop- 
ment of  the  fifth  posterior  cusp,  which,  however,  is  rudimental  in 
comparison  with  that  in  the  Semnopitheques  and  Macaques.  All 
VOL.  III.  T 
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the  three  true  molars  are  supported  by  two  distinct  and  well- 
developed  antero-posteriorly  compressed  divergent  fangs ; in  the 
white  and  yellow  races  of  the  human  subject  these  fangs  are 
usually  connate  in  m 3,  and  sometimes  also  in  tn  a.  The  molar 
scries  in  both  species  of  Troglodytes  forms  a straight  line,  with  a 
slight  tendency,  in  the  upper  jaw,  to  bend  in  the  ojiposite  direc- 
tion to  the  well-marked  curve  which  the  same  series  describes  in 
the  human  subject. 

This  difference  of  arrangement,  with  the  more  complex  implan- 
tation of  the  premolars,  the  proportionally  larger  size  of  the  incisors 
as  compared  with  the  molars ; the  still  greater  relative  magnitude 
of  the  canines ; and,  above  ail,  the  sexual  distinction  in  that  respect 
illustrated  by  figs.  253  and  254,  stamp  the  Gorillas  and  Chim- 
panzees, fig.  256,  most  decisively  with  not  merely  specific  but 
generic  distinctive  characters  as  compared  with  Man.  For  the 
teeth  are  fashioned  in  their  shape  and  proportions  in  the  dark 
recesses  of  their  closed  formative  alveoli,  and  do  not  come  into  the 
sphere  of  operation  of  external  modifying  causes  until  the  full  size 
of  the  crowns  has  been  acquired.  The  fonnidable  natural  weapons 
of  the  males  of  both  species  of  Troglodytes,{oxxf\  the  compensation 
for  the  want  of  that  psychical  capacity  to  forge  or  fashion  de- 
structive instruments  which  has  been  reserved,  as  his  exclusive 
prerogative,  for  Man.  Both  Chimpanzees  and  Orangs  differ  from 
the  human  subject  in  the  order  of  tlie  development  of  the  ])erma- 
nent  series  of  teeth ; the  second  molar,  m i,  comes  into  place  before 
either  of  the  preniolars  has  cut  the  gum,  and  the  last  molar,  m a, 
is  acquired  before  the  canine.  AVe  may  well  supjwse  that  the 
larger  grinders  arc  earlier  required  by  the  frugivorous  Chim- 
panzees and  Orangs  than  by  the  higher  organised  omnivorous 
and  longer  nursed  Biinanal,  with  more  numerous  and  varietl  re- 
sources, and  probably  one  main  condition  of  the  earlier  devclo])- 
ment  of  the  canines  and  preniolars  in  Man  may  be  their  smaller 
relative  size. 

F.  liimnna.  Having  reached,  in  the  Gorilla,  the  highest  step 
in  the  series  of  the  brute  creation,  our  succeeding  survey  of  the 
dental  system,  cleared  and  expanded  by  retrospective  comparison, 
becomes  fraught  with  peculiar  interest,  since  every  dift'ercnce  so 
detected  establishes  the  true  and  essential  characteristics  of  that 
part  of  man’s  frame. 

The  human  teeth  arc  the  same  in  number  and  in  kind  as  those 
of  the  catarhine  Quadrumana.  The  bimanal  dental  formula  is 
therefore — 


.22  II  2,2  3.1 
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that  ia  to  say,  there  are  on  each  side  of  the  jaw,  both  above  and  be- 
low, two  incisors,  one  canine,  two  premolars,  and  three  true  molars. 

They  are  more  equal  in  size  than  in  the  Quadrumana.  No  tooth 
surpasses  another  in  the  depth  of  its  crown  ; and  the  entire  scries, 
which  describes  in  both  jaws  a regular  parabolic  curve,  is  uninter- 
rupted by  any  vacant  space  (vol.  ii,,  fig.  182).  The  most  marked 
distinction  between  the  bimanal  dentition  and  that  of  the  highest 
Quadrumanals,  is  the  absence  of  the  interval  between  the  upper 
lateral  incisor  and  the  canine,  and  the  comparatively  small 
size  of  the  latter  tooth ; but  its  true  character  is  indicated  by  the 
conical  form  of  the  crown,  which  terminates  in  an  obtuse  point,  is 
convex  outward,  and  fiat  or  sub-concave  vrithin,  at  the  base  of 
which  surface  there  is  a feeble  prominence.  The  conical  form  is 
best  expressed  in  the  Melanian  races,  especially  the  Australian, 
fig.  257,  c.  The  canine  is  more  deeply  implanted,  and  by  a stronger 
fang  than  the  incisors ; but  the  contrast  with  the  Chimpanzee  is 
sufficiently  manifest,  as  is  shown  in  fig.  256,  c.  There  is  no  sexual 

357 


DcDiltUiii,  lower  jaw,  of  male  Australian. 


superiority  of  size  either  of  the  canine  or  any  other  single  tooth 
in  the  human  subject.' 

' In  honest  argument  as  to  Man’s  pluce  in  Nature,  his  zoological  eharaclera  arc  to 
be  compared  with  those  of  the  brute  tlmt  comes  nearest  to  him ; the  differences  so 
established  should  be  contrasted  with  tbo&o  between  such  brute,  the  gorilla,  e.g.,  and 
the  next  step  in  the  scale,  the  cbimpauKce,  e.g.;  and  so  on,  stop  by  step,  through  the 
order  which  Zoology  forms  of  the  scries  of  species  so  gradually  ditferontinted.  No 
doubt  a gorilla  differs  more  in  its  dentition  from  a lemur,  and  still  more  from  a mole  or 
a mouse,  than  it  differs  from  Man.  Take  another  character — the  hinder  or  lower  limbs, 
e.g.;  contrast  the  Negro  in  this  respect  with  the  gorilla,  and,  next,  that  ape  with  any 
other  qoadrumanal.  Much  as  the  aye*aye  differs  as  a whole,  from  the  gorilla,  it  does 
resemble  it  more  in  such  quadrumanal  structure  than  tlie  gorilla  resembles  Man. 
Between  the  two  extremes  of  the  four-handed  series  there  is  greater  organic  con* 
formity  in  the  main  ordinal  character  than  exists  between  the  highest  ape  and  the 
lowest  mao.  Or  take  the  cerebral  test.  Man*8  place  in  ibe  Natural  System  is  to  be 
lodged,  not  by  the  degree  of  difference  between  the  brain  of  an  ape  and  that  of  a 
mammal  one  hundred  links  removed  ; but  by  the  degree  of  difference  between  the 
human  brain  and  that  of  the  brute  which  comes  nearest  to  him,  as  contrasted  with  the 
degree  of  difference  between  the  brains  of  the  gorilla  and  chimpanzee,  or  between 
those  of  any  other  two  conterminous  species  constituting  links  in  the  qnadruroanous 
chain.  The  difference  between  figs.  147  and  148-9  may  be  greater  than  between  149 
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Both  upper  and  lower  premolars,  fig.  257,  p 3 and  4,  are  bicuspid; 
they  are  smaller  in  proportion  to  the  true  molars  than  in  the 
Chimpanzee  and  Orang.  In  the  upper  premolars  a deep  straight 
fissure  at  the  middle  of  the  crown  divides  the  outer  and  larger 
from  the  inner  and  smaller  cusp ; in  the  lower  premolars  the  boun- 
dary groove  describes  a curve  concave  towards  the  outer  cusp, 
and  is  sometimes  obliterated  in  the  middle  by  the  extension  of  a 
ridge  from  the  outer  to  the  inner  cusp,  which  cusp  is  smaller  in 
proportion  than  in  the  upper  prcmolars.  These  teeth  in  both 
jaws  arc  apparently  implanted  eaeh  by  a single,  long,  subcom- 
pressed, conical  fang  ; but  that  of  the  upper  prcmolars  is  shown 
by  the  bifurcated  pulp-cavity  to  be  essentially  two  fangs,  connate, 
and  which,  in  some  instances,  are  separated  at  their  extremities. 

The  crowns  of  the  true  molars,  fig.  257,  m i,  a,  3,  are  larger  in  pro- 
portion to  the  jaws,  are  a little  larger  in  proportion  to  the  bicuspids, 
and  still  more  so  in  proportion  to  the  canine  and  incisor  teeth, 
than  in  the  Chimpanzees  and  Orangs.  The  contour  of  the 
grinding  surface  is  more  rounded,  and  the  angles  of  the  crown 
are  less  marked  in  the  higher  than  in  the  lower  Quadrumana. 
The  first  and  second  true  molars  of  the  upper  jaw  support  four 
triedral  cusps ; the  internal  and  anterior  one  is  the  largest,  and 
is  connected  -with  the  external  and  posterior  cusp  by  a low  ridge 
extending  obliquely  across  the  grinding  surface,  with  a deep 
depression  on  each  side  of  it ; the  anterior  groove  extending  to 
the  middle  of  the  outer  surface,  the  posterior  one  to  the  inner  sur- 
face. The  enamel  is  first  worn  away  by  mastication  from  the 
anterior  and  internal  or  largest  tubercle ; a line  of  enamel  extending 
from  the  outside  to  the  middle  of  the  crown  is  the  last  to  be 
removed  before  the  grinding  surface  is  reduced  to  a field  of  den- 
tine with  a simple  ring  of  enamel.  It  is  worthy  of  remark,  that 
by  the  time  when  the  permanent  teeth  have  come  into  place,  the 
first  true  molar  in  both  jaws  is  more  worn,  as  compared  with  the 
second  and  third  molars,  than  it  is  in  the  Chimpanzee  or  Orang, 
owing  to  the  slow  attainment  of  maturity  characteristic  of  the 
human  species,  and  the  longer  interval  which  elapses  between  the 
acquisition  of  the  first  and  the  last  true  molars,  than  in  the 
highest  Quadrumana.  In  the  last  true  molar,  called  from  its  late 
api>earance  the  ‘ dens  sapientia:,’  or  wisdom-tooth,  the  two  inner 
tubercles  are  blended  together,  and  a fissure  extends  in  many 

And  ISO  (toL  iL);  but  truth  compels  the  remark  that  the  lemur  and  ape  arc  sepa- 
rated hy  numerous  gradational  species ; whilst  between  the  ape  and  man  there  is  do 
known  connecting  or  intermediate  link.  Logicians  hare  long  ago  exposed  and  branded 
the  sophism  which  has  of  late  been  propounded  to  {persuade  men  that  the/  arc  of  the 
order  of  apes. 
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instances,  especially  in  the  Melanian  varieties,  from  the  middle  of 
the  grinding  surface,  at  right  angles  to  that  diriding  the  two 
outer  cusps,  to  the  posterior  border  of  the  tooth. 

The  6rst  upper  molar  is  always  implanted  by  three  diverging 
fangs,  two  external  and  one  intemaL  The  second  molar  is 
usually  similarly  implanted,  but  the  two  outer  fangs  are  less 
divergent,  are  sometimes  parallel,  and  occasionally  connate  ; this 
variety  appears  to  be  more  common  in  the  Caucasian  than  in  the 
Melanian  races ; and  in  the  Australian  skulls  the  wisdom  tooth 
usually  presents  the  same  three- fanged  implantation  as  in  the 
Chimpanzee  and  Orang. 

The  crowns  of  the  inferior  true  molars  are  quinque-cuspid,  the 
fifth  cusp  being  posterior  and  connected  with  the  second  outer 
cusp : it  is  occasionally  obsolete  in  the  second  molar.  The  four 
normal  cusps  are  defined  by  a crucial  impression,  the  posterior 
branch  of  which  bifurcates  to  include  the  fifth  cusp ; this  bifurca- 
tion being  most  marked  in  the  last  molar  where  the  fifth  cusp  is 
most  developed.  In  the  first  molar  a fold  of  enamel,  extending 
from  the  inner  surface  to  the  middle  of  the  crown,  is  the  last  to 
disappear  from  the  grinding  surface  in  the  course  of  abrasion. 
The  wisdc»n-tooth,  fig.  257,  m s,  is  the  smallest  of  the  three 
molars  in  both  jaws,  but  the  difference  is  less  in  the  Melanian 
than  in  the  Caucasian  races.  Each  of  the  three  lower  molars  is 
inserted  by  two  sub-compressed  fangs,  grooved  along  the  side, 
turned  towards  each  other.  This  double  implantation  appears  to 
be  constant  in  the  Melanians,  especially  the  Australian  race,  in 
which  the  true  molars  are  relatively  larger  than  in  other  blacks. 
In  Europeans  it  is  not  unusual  to  find  the  two  fangs  in  both  the 
second  and  third  molars  connate  along  a great  part  or  the  whole 
of  their  extent. 

With  respect  to  the  reciprocal  apposition  of  the  teeth  of  the 
upper  and  under  jaw,  it  is  interesting  to  observe  that  the  crown 
of  the  lower  canine  is,  as  usual,  in  advance  of  that  above,  and  fits 
into  the  shallow  notch  between  that  and  the  lateral  incisor.  The 
inferior  incisors  are  so  small  that  their  anterior  surface  rests 
against  the  posterior  surface  of  the  upper  ones  when  the  mouth 
is  closed ; the  other  teeth  are  opposed  crown  to  crown,  the  upper 
teeth  extending  a little  more  outwardly  than  the  lower  ones. 

The  deciduous  scries  of  teeth  in  the  human  subject,  fig.  258, 
consists  of — 


. 2.2 
' 2.2' 


i.r 


2.2 

' 2.2  ‘ 


20. 


The  upper  milk  incisors  .of  the  Chimpanzee  are  relatively  larger 
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than  in  Man,  especially  the  middle  pair;  but  the  dispropor- 
tionate size  of  these  is  still  more  manifest  and  characteristic  of 
253  the  Orang.  The  crown 

3 of  the  canine  is  longer 

p\  and  more  pointed  in  the 

* Chimpanzee  than  in  Man ; 
m more  so,  and  further 

from  the  incisor  in 

in'  the  human  subject  is 
more  similar  in  shape  and 
^ size  to  the  second,  d 4, 

Chimpanzee  or  Gorilla: 

pressed  triangular  crown, 
/jj  ^-J^~^-  'pjjg  eruption  of  the 

DeeWao.,  and  parm«.<.Dt  l«-lb,  nuniaa  Cblld  : a t.  «l.  human  milk-tCCth  USUally 

begins  in  the  infant  of  seven  months  old,  and  is  completed  about 
the  end  of  the  second  year;  those  of  the  lower  jaw  preceding  the 


Highly -tnflftnifloil  section  uf  dentine  and  ceThcnt,  frum  the  fang  of  a Human  molar,  r,  pi.  1)3. 

upper.  The  average  periods  of  the  appearance  of  both  decidu- 
ous and  permanent  teeth  are  as  follows : — 


Veciiiuous  teeth. 

7ih  month,  niid-incidor,  d i I. 
ib.  to  loth  month,  lat. -incisor,  d i 2. 
12th  to  14th  month,  Srst  molar,  d 3. 
14tli  to  2()th  month,  canine,  d e. 

18th  to  36th  month,  second  molar,  d 4. 


Permanent  teeth. 

years,  first  molar,  m 1,  (fig.  238). 
7th  year,  mid-incisor,  i 1. 

8lh  year,  lat. -incisor,  i 2. 

9th  year,  first  bicuspid,  p 3. 

I Oih  year,  secoud  bicospid,  p 4. 

I I th  to  12th  year,  canine,  c. 

12th  to  1 3th  year,  second  molar,  m 2. 
17 til  to  21st  year,  third  molar,  m 3. 


Tile  structure  of  human  dentine  is  exemplified  in  fig.  259. 
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The  dentinal  tnbes,  d,  d,  send  off  ramuli  into  the  inter-tubular 
tissue,  and  terminate  either  by  anastomotic  loops,  or  in  the 
irregular  vacuities  or  cells  at  the  periphery'  of  the  dentine.  The 
dentinal  compartments,  or  indications  of  the  original  cells  of  the 
dentinal  pulp,  are  shown  at  a,  b;  the  modified  peripheral  layer  of 
the  dentine,  remarkable  for  its  superior  sensibility,  at  ff.  The 
layer  of  cement,  h,  which  covers  the  dentine  of  the  fang,  is  seldom 
so  thick  as  to  show  a bone-cell,  in  human  teeth.  The  structure  of 
the  dentine  relates,  in  regard  to  the  cur^’ilinear  compartments, 
a,  b,  to  the  steps  in  its  formation ; and,  in  regard  to  its  tubular 
columns,  to  the  strength  of  the  tooth  and  its  vitality  ; the  latter 
important  property  depending  on  the  percolation  of  the  plasma 
through  the  delicate  cellular  sructure  of  the  filamentary  pro- 
longations of  the  pulp,  so  far  as  they  may  extend  along  the  tubuli. 
The  sensibility  of  the  dentine  is  due  to  concomitant  productions 
of  neurine ; but  the  distinct  tubules  are  not  large  enough  to 
admit  capillary  vessels  with  red  particles  of  blood,  and  the  tissue 
above  described 

has  consequently  260 

been  termed  ‘ un- 
vascular  dentine.’ 

G.  Camieora. — 

The  feline  denti- 
tion is  the  best  for 
flesh-food.  The 
canines,  fig.  260, 
e,  are  of  great 
strength,  deeply 
implanted  in  the 
jaw,  with  the  fangs 
thicker  and  longer  than  the  enamelled  crown ; this  part  is 
conical,  slightly  reciirve<l,  sharp-pointed,  convex  in  front,  with 
one  or  two  longitudinal  grooves  on  the  outer  side,  'almost 
flat  on  the  inner  side,  and  with  a sharp  edge  behind.  The 
lower  canines  pass  in  front  of  the  upper  ones  when  the  mouth 
is  closed.  The  incisors,  six  in  number  on  both  jaws,  form  a trans- 
verse row ; the  outermost  above,  ib.  i,  is  the  longest,  resembling 
a small  canine ; the  intermediate  ones  have  broad  and  thick 
crowns  indented  by  a transverse  cleft.  The  first  upper  premolar, 
p 2,  is  rudimental ; there  is  no  answerable  tooth  in  the  lower  jaw. 
The  second,  p 3,  in  both  jaws,  has  a strong  conical  crown  sup- 
ported on  two  fangs.  The  third  upper  tooth,  p 4,  has  a cutting  or 
trenchant  crown  divided  into  three  lobes,  the  last  being  the  largest. 
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and  with  a flat  inner  side,  against  which  the  cutting  tooth,  m i,  in 
the  lower  jaw  works  obliquely.  Behind,  and  on  the  inner  side  of 
the  upper  tooth,  p i,  there  is  a small  tubercular  tooth.  The  feline 
dental  formula  is — 


.8.3  u 
*3.3*  ' 1.1' 


P 


3.3  1.1 

2T2' " n = 


A glance  at  the  long  sub-compressed,  trenchant,  and  sharp- 
pointed  canines,  suffices  to  appreciate  their  peculiar  adaptation  to 
seize,  to  hold,  to  pierce,  and  lacerate  a struggling  prey.  The 
co-adaptations  of  jaws  and  skull  are  given  in  vol.  ii.  p.  505. 
The  use  of  the  small  pincer-shaped  incisor  teeth  is  to  gnaw  the 
soft,  gristly  ends  of  the  bones,  and  to  tear  and  scrape  ofi*  the 
tendinous  attachments  of  the  muscles  and  periosteum.  The 
compressed  trenchant  blades  of  the  sectorial  teeth  play  vertically 
upon  each  other’s  sides  like  the  blades  of  scissors,  serving  to  cut 
and  coarsely  divide  the  flesh ; and  the  form  of  the  joint  of  the 
lower  jaw  almost  restricts  its  movement  to  the  vertical  direction, 
up  and  down.  The  wide  and  deep  zygomatic  arches,  fig.  260,  27, 

and  the  high  crests 
of  bone  upon  the 
skull,  ib.  3,  7,  con- 
cur in  completing  the 
carnivorous  physiog- 
nomy of  this  most 
formidable  existing 
species  of  the  feline 
tribe. 

The  penultimate 
tooth  in  the  upper 
1 jaw,  fig.  260,  p 4,  and 
the  last  tooth  in  the 
lower  jaw,  ib.  m 1, 
were  denominated  by 
F.  Cuvier  ‘ dent  car- 
nassi^re,’  which  has 
been  rendered  'dens 
sectorius,’  the  ‘ secto- 
rial,’ or  scissor-tooth. 
It  preserves  its  cha- 
..  racteristic  form 

Decldttoiu  deotUloo,  Tooug  Lion.  , , 

m the  strictly 

feeding  genera,  in  which  is  seen  the  part  called  the  ‘ blade,’  and 
that  called  the  ‘ hump  ’ or  tubercle.  In  Felis  the  lower  sectorial 


only 

fiesh- 
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(fig.  261,  m i)  consists  exclosivelj  of  the  blade,  and  plavs  npon 
the  inside  of  that  of  the  opper  ‘ sectoriaL’  This  tooth,  fig.  26 1 , 
p 4,  aboTe,  succeeds  and  displaces  a deciduous  tubercular  molar, 
ib.  </  4,  in  all  CamiTores,  and  is  therefore  a * premolar ; ’ the  lower 
sectorial,  ib.  m i,  comes  up  behind  the  deciduous  series,  d 3,  d 
and  has  no  immediate  predecessor ; it  is,  therefore,  a true  molar, 
and  the  first  of  that  class.  Bj  these  criteria  the  sectorial  teeth  may 
always  be  distinguished  under  erery  transitional  variety  of  form 
which  they  present  in  the  carnivorous  series,  from  Machairodut, 
fig.  293,  IV.,  in  which  the  crown  consists  exclusively  of  the  ‘ blade’ 
in  both  jaws,  to  Urnu,  ib.  II.,  in  which  it  is  totally  tubercular;  the 
development  of  the  tubercle  bearing  an  inverse  relation  to  the 
carnivorous  propensities  of  the  species. 

The  dentition  of  the  hysena  resembles  the  feline  in  the  reduc- 
tion of  the  tubercular  molars  to  a single  minute  tooth  on  each  side 
of  the  upper  jaw,  and  in  the  inferior  molars  being  all  conical  or 
sectorial  teeth ; but  the  molar  teeth  in  both  jaws  are  larger  and 
stronger,  and  the  canines  smaller  in  proportion,  than  in  Felines, 
from  the  formula  of  which  the  dentition  of  the  hyaena  differs 
numerically  only  in  the  retention  of  an  additional  premolar  tooth, 
p I above  and  p a below,  on  each  side  of  both  jaws  : it  is — 


.3.3  1.1  4.4  1.1 

*3  3’  'n  "’'’ 3.3=  • 1. 1 


- 34. 


The  crowns  of  the  incisors  form  almost  a straight  transverse  line 
in  both  jaws,  the  exterior  ones,  above,  being  much  larger  than  the 
four  middle  ones,  and  extending  their  long  and  thick  inserted 
base  further  back ; the  crown  of  the  upper  and  outer  incisor  is 
strong,  conical,  recurved,  like  that  of  a small  canine.  The  four 
intermediate  small  incisors  have  their  crown  divided  by  a trans- 
verse cleft  into  a strong  anterior,  conical  lobe,  and  a posterior 
ridge,  which  is  notched  vertically ; giving  the  crown  the  figure  of 
a trefoiL  The  lower  incisors  gradually  increase  in  size  from  the 
first  to  the  third ; this  and  the  second  have  the  crown  indented 
externally ; but  they  have  not  the  posterior  notched  ridge  like  the 
small  upper  incisors ; the  apex  of  their  conical  crown  fits  into  the 
interspace  of  the  three  lobes  of  the  incisor  above.  The  canines 
have  a smooth  convex  exterior  surface ; the  inner  surface  is  almost 
flat  and  of  less  relative  extent  in  the  inferior  canines.  The  first 
premolar  above  is  very  small,  with  a low,  thick,  conical  crown ; 
the  second  presents  a sudden  increase  of  size,  and  an  addition  of 
a posterior  and  internal  basal  ridge  to  the  strong  cone.  The  third 
premolar  exhibits  the  same  form  on  a still  laiger  scale,  and  is 
remarkable  for  its  great  strength.  The  posterior  part  of  the  cone 
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of  each  of  these  premolars  is  traversed  by  a longitudinal  ridge. 
The  fourth  premolar  above  is  the  camaasial  tooth,  and  has 
its  long  blade  divided  by  two  notches  into  three  lobes,  tlie 
first  a small  thick  cone,  the  second  a long  and  comjwessed  cone, 
the  tliird  a horizontal,  sinuous,  trenchant  plate ; a strong  tri- 
edral  tubercle,  t,  is  developed  from  the  inner  side  of  the  base  of 
the  anterior  part  of  the  crown.  The  single  true  molar  of  the 
upper  jaw  is  a tubercular  tooth  of  small  size.  The  first  premolar 
of  the  lower  jaw  fits  into  the  interspace  between  the  first  and 
second  premolars  above,  and  answers,  therefore,  to  the  second 
lower  premolar  in  the  Viverridte.  The  second  is  the  largest  of  the 
lower  premolars ; its  crown  forms  chiefly  a strong  rounded  cone, 
girt  by  a basal  ridge,  and  might  serve  as  the  model  of  a hammer 
for  breaking  stones.  The  last  lower  tooth  is  the  sectorial,’  as  in 
Felit.  The  deciduous  teeth  consist  of — 


..■i.3  1,1 

*3.3’  ' I.l* 


3.3 
' 3.3 


28. 


The  permanent  dentition  of  the  Hycmn  assumes  those  charac- 
teristics which  adapt  it  for  the  peculiar  food  and  habits  of  the 
adult : of  these  the  chief  is  the  great  size  and  strength  of  the 
molars  as  compared  w'ith  the  canines,  and  more  especially  the  thick 
and  strong  conical  crowns  of  the  second  and  third  premolars  in 
lM)th  jaws,  the  base  of  the  cone  being  belted  by  a strong  ridge 
which  defends  the  subjacent  gum.  This  form  of  tiwth  is  especially 
adapted  for  gnawing  and  breaking  liones,  and  the  whole  cranium 
has  its  shape  modified  by  the  enormous  development  of  the  muscles 
which  work  the  jaws  and  teeth  in  this  operation.  Ada[tte<l  to 
obtain  its  focxl  from  the  coarser  parts  of  animals  which  arc  left  by 
the  nobler  beasts  of  prey,  the  hyaena  chiefly  seeks  the  dead  carcass, 
and  bears  the  same  relation  to  the  lion  which  the  vulture  docs  to 
the  eagle. 

The  family  Vivcrrtdce,  which  comjirehends  the  Civets,  Genets, 
Ichneumons,  Musangs,  .Surikates,  and  Mangiics,  is  characterised, 
with  few  e.\ccptions,  by  the  following  formula : — 


.3.3  1.1 

I i c 
3.3 


4.4 

i’»’4T4* 


2.2 
' 2.2 


- 40. 


It  difl'ers  from  that  of  the  genus  Cnnii  by  the  absence  of  a tuber- 
cular tooth,  m 3,  on  each  side  of  the  lower  jaw ; but,  in  thus 
making  a nearer  step  to  the  feline  dentition,  the  Viverridte,  on  the 
other  hand,  recede  from  it  by  the  less  trenchant  and  more  tuber- 
cular character  of  the  sectorial  teeth. 

The  canines  are  more  feeble,  and  their  crowns  are  almost 


r 
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smooth ; the  premolars,  however,  assume  a formidable  size  and 
shape  in  some  aquatic  species,  as  those  of  the  sub-genus  Cynogale, 
in  which  their  crowns  are  large,  compressed,  triangular,  sharp- 
pointed,  with  trenchant  and  serrated  edges,  like  the  teeth  of 
certain  sharks  (whence  the  name  Squalodon,  proposed  for  one  of 
the  species),  and  well  adapted  to  the  exigencies  of  quadrupeds 
subsisting  principally  on  fish ; the  opposite  or  obtuse,  thick  form 
of  the  premolars  is  manifested  by  some  of  the  Musangs,  e.  g. 
Paradoxurus  auratus.  The  deciduous  dentition  consists,  in  the 
Viverrine  family,  of — 


.3.3  1.1  3.3 

• .r-oi  c v; : “ = 28. 

3.3  1.1’  3.3 


The  interlocking  of  the  crowns  of  the  teeth  of  the  upper  and 
lower  jaws,  which  is  their  general  relative  position  in  the  Carni- 
vora, is  well-marked  in  regard  to  the  premolars  of  the  Viverrida ; 
as  the  lower  canine  is  in  front  of  the  upper,  so  the  first  lower  pre- 
molar  rises  into  the  space  between  the  upper  canine  and  first  upjicr 
jiremolar ; the  fourth  lower  premolar  in  like  manner  fills  the 
space  between  -the  third  upper  premolar  and  the  sectorial  tooth, 
playing  upon  the  anterior  lobe  of  the  blade  of  that  tooth  which 
indicates  by  its  position,  as  by  its  mode  of  succession,  that  it  is 
the  fourth  premolar  of  the  ujiper  jaw.  The  first  true  molar  below, 
modified  as  usual  in  the  Carnivora  to  form  the  lower  sectorial, 
sends  the  three  tubercles  of  its  anterior  part  to  fill  the  space 
between  the  sectorial  and  the  first  true  molar  above.  In  the 
Musangs,  the  lower  sectorial  is  in  more  direct  opposition  to  its 
true  homotype — the  first  tubercular  molar  in  the  upper  jaw ; and 
these  Indian  Viverridee  {Paradoxuri)  are  the  least  carnivorous  of 
their  family,  their  chief  food  consisting  of  the  fruit  of  palm-trees, 
whence  they  have  been  called  ‘ Palm-cats.’ 

The  normal  dental  formula  of  the  genus  Canis  is — 


; = 42  (fig.  293,  in.) 


The  incisors  increase  in  size  from  the  first  to  the  third;  the 
trenchant  margin  of  the  crown  is  divided  by  two  notches  into  a 
large  middle  and  two  small  lateral  lobes.  The  canines,  c,  arc 
curved,  sub-compressed ; the  enamelled  pointed  crown  forms  nearly 
half  the  length  of  the  tooth,  and  is  smooth,  without  any  groove. 
The  premolars,  fig.  293,  p i-4,  have  strong  sub-compressed  conical 
crowns  gradually  enlarging  from  the  first  to  the  third,  p 3,  in  the 
upper  jaw,  and  to  the  fourth,  p 4,  in  the  lower  jaw,  and  acquiring 
one  or  two  accessory  posterior  tubercles  as  they  increase  in  size. 
The  fourth  upper  preinolar,  p 4,  presents  a sudden  increase  of 
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size,  with  its  sectorial  form;  its  blade  is  divided  into  two  cones  by 
a wide  notch,  the  anterior  cone  being  the  strongest  and  most 
produced ; the  tubercle  is  developed  from  the  inner  side  of  the 
base  of  this  lube.  The  first  and  second  upper  molars,  m i and  s, 
are  tuberculate ; but  the  second  is  very  small,  less  than  half  the 
size  of  the  first  molar.  The  first  true  molar  below,  m i,  is  modi- 
fied to  form  the  opposing  blade  to  the  sectorial  tooth  above ; re- 
taining the  tuberculate  character  at  its  posterior  half.  The  blade 
is  divided  by  a vertical  linear  fissure  into  two  cones,  behind  which 
the  base  of  the  crown  extends  into  a broad  trituberculate  talon. 
The  second  molar,  m 2,  has  two  anterior  cusps  on  the  same  trans- 
verse line,  and  a posterior  broad  flat  talon  ; the  last  lower  molar, 
m s,  is  the  smallest  of  all  the  teeth. 

The  absence  of  a tuberculate  molar  in  the  lower  jaw  of  the 
immature  Dog,  brings  the  character  of  the  deciduous  dentition 
of  the  genus  Canis,  fig.  262,  closer  to  the  permanent  dentition  of 
stricter  carnivores,  and  affords  an  interesting  illustration  of  the 


262 
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law  that  unity  of  organisation  is  manifested  directly  as  the 
proximity  of  the  animal  to  the  commencement  of  its  development. 
The  succession  of  two  tubercular  molar  teeth  behind  the  i)crma- 
nent  sectorial  tooth  in  the  permanent  dentition  of  the  lower  jaw 
contributes  to  adapt  the  Dog  for  a greater  variety  of  climates,  of 
food,  and  of  other  circumstances,  ail  of  which  tend,  in  an  important 
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degree,  to  fit  that  animal  for  the  performance  of  its  valuable 
services  to  man.  In  no  other  genus  of  quadru|>ed  are  the  jaws 
so  well  or  so  variously  armed  with  dental  organs;  notwith- 
standing the  extent  of  the  scries,  the  vacancies  are  only  sufficient 
to  allow  the  interlocking  of  the  strong  canines.  These  are  effi- 
cient and  formidable  weapons  for  seizing,  slaying,  and  lacerating 
a living  prey ; the  incisors  arc  well  adapted,  by  their  shape  and 
advanced  position,  for  biting  and  gnawing ; the  premolars,  and 
especially  the  sectorials,  are  made  for  cutting  and  coarsely 
dividing  the  fibres  of  animal  tissues,  and  the  tuberculate  molars 
are  as  admirably  adapted  for  cracking,  crushing,  and  completing 
the  comminution  of  the  food,  whether  of  animal  or  vegetable 
nature. 

The  dentition  of  the  Weasel  tribe  (Mustelidee)  is  illustrated  in 
fig.  293  IV.,  Muttela  : the  dental  formula  is — 


.3.3  M *A  K1 
'3.3’  *1.1*^  3.3*  " 2 2 


36. 


The  first  prcmolar,  p i,  in  the  upper  jaw,  which  is  absent  in 
the  Polecat  and  Weasel,  is  retained  in  the  Otter,  and  is  placed 
on  the  inner  side  of  the  canine ; the  sectorial  premolar,  p 4,  has 
its  inner  lobe  much  more  developed  in  Lutra  tlian  in  Putoriu$, 
and  the  tubercular  molar,  m i,  is  relatively  larger.  Similar 
modifications  of  these  teeth  distinguish  the  dentition  of  the  lower 
jaw  of  the  Otter,  which  agrees  in  the  number  and  kind  of  teeth 
with  that  of  the  Polecat.  The  increased  grinding  surface  relates 
to  the  inferior  and  coarser  nature  of  the  animal  diet  of  the  Otter, 
the  back  teeth  being  thus  adapted  for  crushing  the  bones  of  fishes 
before  they  are  swallowed. 

In  the  Martin  cats  [Mustela),  the  little  homotype  ofp  1 above 
is  present  in  the  lower  jaw ; in  the  bloodthirsty  Stoats  and  W ea- 
sels, p I is  absent  in  both  jaws ; as  it  is  likewise  in  the  great  Sea- 
otter  (Enhpdra),  in  which  also  the  two  middle  incisors  are 
wanting  in  the  lower  jaw.  In  this  animal  the  second  premolar, 
p 3,  has  a strong  obtuse  conical  crown,  double  the  size  of  that  of 
p 2 ; the  third  premolar,  p 4,  is  more  than  twice  the  size  of  p 3, 
and  represents  the  upper  camassial  or  sectorial  strangely  modified ; 
the  two  lobes  of  the  blade  being  hemispheric  tubercles.  The  last 
tooth,  m 1,  has  a larger  crown  than  the  sectorial,  and  is  of  a 
similar  brood  crushing  form. 

In  the  family  MelidcR  is  comprised  the  European  (Meles),  the 
Indian  {Arctonyx),  and  the  American  ( Taxidea)  Badgers,  which, 
with  respect  to  their  dentition,  stand  at  the  op{x>site  extreme  of 
the  Mustelida  to  that  occupied  by  the  predaceous  Weasel,  and 
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manifest  the  most  tuberculate  and  omnivorous  character  of  the 
teeth.  The  formula  is — 


.S.3  1.1  3 3 1.1 

‘ 3a'  ' i.i’^  4.4’  " 2.2 


= 36. 


The  canines  are  strongly  developed,  well  pointed,  with  a poste- 
rior trenchant  edge  ; they  are  more  compressed  in  Arctonyx  than 
in  Melts.  The  first  low’er  premolar  is  very  small,  single-fanged, 
and,  generally,  soon  lost.  The  first  above,  corresjionding  with 
the  second  in  the  Dog,  is  also  small,  and  implanted  by  two  con- 
nate fangs.  The  second  upper  jiremolar,  p 3,  has  a larger,  but 
simple,  sub-compressed  conical  crown,  and  is  implanted  by  two 
fangs.  The  third  repeats  the  form  of  the  second  on  a larger  scale, 
with  a better  developed  posterior  talon,  and  with  the  addition  of 
a trituberculate  low  flat  lobe,  which  is  supported  by  a third  fang ; 
the  outer  pointed  and  more  produced  part  of  tliis  tooth  represents 
the  blade  of  the  sectorial  tooth  and  the  entire  crown  of  the 


antecedent  premolars.  The  true  molar  in  Melts  is  of  enormous 
size  compared  with  that  of  any  of  the  preceding  Carnivora ; it 
has  three  external  tubercles,  and  an  extensive  horizontal  surface 


traversed  longitudinally  by  a low  ridge,  and  bounded  by  an 
internal  belt,  or  ‘ cingulum.’ 

In  other  allied  genera,  which,  like  the  badgers,  have  been 
grouped,  on  account  of  the  plantigrade  structure  of  their  feet, 
with  the  bears,  a progressive  approximation  is  made  to  the  type 
of  the  dentition  of  the  Ursine  species.  The  first  true  molar 
below  soon  loses  all  its  sectorial  modification,  and  acf^uircs  its 
true  tubercular  character ; and  the  last  premolar  above  becomes 
more  directly  and  coinidetcly  opjwscd  to  its  homotype  in  the 
lower  jaw.  The  Kacoon  {Procyon),  and  the  Coati  {Nasiia), 
present  g(K>d  examples  of  these  transitional  mollifications ; they 
have  the  complete  number  of  prcmolar  teeth,  the  dental  fomuila 


That  of  the  Benturong  (^rrtiV/i's)  and  Kink-ijou  (Cercolcptes)  is — 


.3.3  1.1  3.3  2.2 

■3.3‘'t.l''’3.3’'"2.2 


36. 


The  lower  canine  of  Nasiia  has  a deep  longitudin.al  groove  on  the 
inner  side  of  the  crown.  In  Ailunts  botli  upper  and  lower  canines 
j»resciit  two  longitudinal  grooves.  In  Cercolrptes  a longitudinal 
ridge  divides  the  two  grooves  on  the  canines.  A fossil  canine 
t(M)th  from  the  eocene  sand  at  Kyson  presents  a still  greater 
number  of  grooves  and  ridges,  whence  the  name  I'rirynodon. 

The  essential  characteristic  of  the  dentition  of  the  Bears,  fig. 
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340,  vol.  ii.  ( Ursus)  is  the  development,  in  the  lower  jaw,  of  the 
true  molar  teeth  to  their  typical  number  in  the  placental  Mam- 
malia, and  their  general  manifestation,  in  both  jaws,  of  a tuber- 
culate  grinding  surface ; the  premolar  teeth  are  much  reduced 
both  in  size  and  number.  In  the  frugivorous  Bears  of  India  and 
the  Indian  Archipelago,  the  four  premolars  (/>  1-4)  are  commonly 
retained  longer  than  in  the  fiercer  species  of  the  northern  lati- 
tudes. In  these  the  second  lower  premolar  is  soon  lost.  The 
first  true  molar,  m 1,  has  a longer  and  narrower  crown  than  the 
one  above.  The  second  true  molar,  m 2,  has  a narrow,  oblong, 
subquadrate,  tubercular  crown,  which,  like  that  of  the  first  true 
molar,  is  supported  by  two  fangs.  The  crown  of  the  third  lower 
molar,  m 3,  is  contracted  posteriorly,  and  supported  by  two  con- 
nate fangs ; it  is  relatively  smallest  in  the  Sun-bears,  and  largest 
in  the  great  Ursus  spelcBus.  The  dental  formula  of  the  genus 
Ursus  is — 

.3.3  1.1  4.4  2.2  „„„  ,,  . 

' 3-3''  u’  P 4-4”"  3:3  “ ■**  ('’e- 

It  is  essentially  the  same  both  in  number  and  kind  of  teeth  as  in 
the  genus  Cams,  but  the  individual  or  specific  varieties,  which  in 
the  Dog  affect  the 
true  molar  teeth, 
arc  confined  in  the 
Bears  to  the  premo- 
lars. It  would  seem 
in  the  genus  Ursus 
as  if  the  preponde- 
rating size  of  the 
large  tubercular 
true  molars  had 
tended  to  blight 
the  development  of 
the  preraolars. 

In  fig.  263  the 
deciduous  teeth  and 
their  successors  arc 
given  as  displayed  Deciiiaotndctiiuioii.  n«arirr»iu). 

by  the  removal  of  the  outer  wall  of  their  sockets.  The  milk- 
molars,  four  in  number  on  each  side  of  both  jaws,  progres- 
sively increase  from  the  first  to  the  fourth.  The  character- 
istic relative  position  to  them  of  the  premolars  is  shown  at  p 2, 
3,  and  4.  Behind  these  is  shown  the  large  formative  cell  of  the 
first,  m I , of  the  true  molar  series. 
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A tendency  to  deviate  from  the  ferine  number  of  the  incisors 
is  seen  in  the  most  aquatic  and  piscivorous  of  the  Musteline 
quadrupeds,  viz.,  the  Sea-otter  (Enhydra),  in  which  species  the 
two  middle  incisors  of  the  lower  jaw  are  not  developed  in  the 
permanent  dentition.  In  the  family  of  true  Seals  the  incisive 
formula  is  further  reduced,  in  some  species  even  to  zero  in  the 
lower  jaw,  and  it  never  exceeds  PhocidtB  possess 

powerful  canines;  only  in  the  aberrant  Walrus,  fig.  265,  are 
they  absent  in  the  lower  jaw,  but  this  is  compensated  by  the 
singular  excess  of  development  which  they  manifest  in  the  upjjer 

jaw.  The  molar  series,  fig. 
264,  m,  usually  includes  five, 
rarely  six,  teeth  on  each  side 

of  the  upper  jaw,  and  five 

f(  wJr  on  each  side  of  the  lower 

< jaw ; with crowrns  which  vary 

little  in  size  or  form  in  the 
same  individual.  They  are 
D,u.u.o„  o,  ««<  ir*..,,.  supported  in  some  genera,  as 

the  Eared  Seals  ( Otariai) 
and  Elephant  Seals  {Cystophora),  by  a single  fang;  in  other 
genera  hy  two  fangs,  which  are  usually  connate  in  the  first 
or  second  teeth;  the  fang  or  fangs  of  both  incisors,  canines, 
and  molars,  are  always  remarkable  for  their  thickness,  which 
commonly  surpasses  the  longest  diameter  of  the  crown.  The 
crowns  are  most  commonly  compressed,  conical,  more  or  less 
pointed,  with  the  ‘ cingulum  ’ and  the  anterior  and  posterior 
basal  tubercles  more  or  less  developed ; in  a few  of  the  lat^est 
species  they  are  simple  and  obtuse,  and  particularly  so  in 
the  Walrus,  in  which  the  molar  teeth  are  reduced  to  a smaller 
number  than  in  the  true  Seals.  In  these  the  line  of  demarcation 
between  the  true  and  false  molars  is  very  indefinitely  indicated 
by  characters  of  form  or  position  ; but,  according  to  the  instances 
in  which  a deciduous  dentition  has  been  observed,  the  first  three 


Drulliion  of  Soft)  t/*AoC4i). 


permanent  molars  in  both  jaws  succeed  and  displace  the  same 
number  of  milk-molars,  and  are  consequently,  ‘ premolars ; ’ occa- 
sionally, in  the  seals  with  two-rooted  molars,  the  more  simple 
character  of  the  premolar  teeth  is  manifested  by  their  fangs  being 
connate,  and  in  the  Stenorhynchus  terridens  the  more  complex 
character  of  the  true  molars  is  manifested  in  the  crown.  There 


is  no  special  modification  of  the  crown  of  any  tooth  by  which  it 
can  merit  the  name  of  a ‘ sectorial  ’ or  ' camassial ; ’ but  we  may 
point  with  certainty  to  the  third  molar  above  and  the  fourth 
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below,  as  answering  to  those  teeth  which  manifest  the  sectorial 
character  in  the  terrestrial  Carnivora.  The  coadaptation  of  the 
crowns  of  the  upper  and  lower  teeth  is  completely  alternate,  the 
lower  tooth  always  passing  into  the  interspace  anterior  to  its 
fellow  in  the  upper  jaw. 

In  the  genus  Phoca  proper  ( CalocephaluM,  Cuv.)  typified  by 
the  common  seal  (/%.  vitulina),  the  dental  formula  is  — 


. 3.3 


IJ  4.4 
4.4* 


1.1 


34. 


The  Sterrincks  with  double-rooted  molars  {Pelaijiui,  Steiio- 
rhynehus)  have  four  incisors  above  as  well  as  below,  i.  e. 

In  the  Saw-tooth  Sterrinck  (^Stenorhynchus  serridens),  the 
three  anterior  molars  on  each  side  of  both  jaws  are  four-lobed, 
there  being  one  anterior  and  two  posterior  accessory  lobes ; the 
remaining  posterior  molars  (true  molars)  are  five-lobed,  the 
princiftal  cusp  having  one  small  lobe  in  front,  and  three  de- 
veloped from  its  jxisterior  margin ; the  summits  of  the  lobes  are 
obtuse,  and  the  posterior  ones  are  recurved  like  the  principal 
lobe. 

The  allied  sub-genus  ( Ommatophoca)  of  .Seals  of  the  southern 
hemisphere  has  six  molar  teeth  on  each  side  of  the  upper,  and 
five  on  each  side  of  the  lower  jaw,  with  the  principal  lobe  of  the 
crown  more  incurved. 

In  the  genus  Otaria  the  dental  formula  is — 


.3.3 

' 2.2' 


II  4.4  2.2  „ 

*i7i’^4-4'  "ri““- 


The  two  middle  incisors  are  small,  sub-compressed,  with  the 
crown  transversely  notched ; the  simple  crowns  of  the  four 
incisors  below  fit  into  these  notches ; the  outer  incisors  above  are 
much  larger,  with  a long-pointed  conical  crown,  like  a small 
canine.  The  true  canine  is  twice  as  large  as  the  adjoining  in- 
' cisor,  and  is  rather  less  recurved.  The  molars  have  each  a single 
fang.  In  Stemmatopu*  the  last  upper  molar  has  two  divergent 
fangs,  at  least  in  the  young  state. 

In  the  great  proboscidian  and  hooded  Seals  ( Cystophora),  the 
incisors  and  canines  still  more  predominate  in  size  over  the 
molars ; but  the  incisors  are  reduced  in  number,  the  formula  here 


i.i  4.4  1.1 


• ?:? 

* 1.1 


The  molars  are  single-rooted,  and  the  incisors  laniariform.  The 
two  middle  incisors  above  and  the  two  below  are  nearly  equal ; 
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the  outer  incisors  above  are  larger.  The  canines  are  still  more 
formidable,  especially  in  the  males ; the  curved  root  is  thick  and 
subquadrate.  The  crowns  of  the  molar  teeth  are  short,  sub-com- 
pressed,  obtuse ; sometimes  terminated  by  a knob  and  defined 
by  a constriction  or  neck  from  the  fang ; the  last  is  the  smallest. 

In  the  Walrus  ( Trichechus  rosmarus,  fig.  265)  the  normal 
incisive  formula  is  transitorily  represented  in  the  very  young 

animal,  which  has  three  teeth 
in  each  premaxillary  and  two 
on  each  side  of  the  fore-part 
of  the  lower  jaw ; they  soon 
disapj)ear,  except  the  outer 
pair  above,  which  remain  close 
to  the  maxillary  suture,  on 
the  inner  side  of  the  socket.s 
of  the  enormous  canines,  and 
seem  to  commence  the  scries  of  small  and  simjdc 
molars  which  they  resemble  in  size  and  form.  In 
the  adult  there  are  usually  three  such  molars  on  each 
side,  behind  the  permanent  incisor,  and  four  similar 
teeth  on  each  side  of  the  lower  jaw ; the  anterior 
one  passing  into  the  interspace  between  the  ujqwr 
incisor  and  the  first  molar.  The  crowns  of  these 
teeth  must  be  almost  on  a level  with  the  gum  in 
Skull «nii TMth of  the  recent  head;  they  are  very  obtuse,  and  worn 

Hie  wHru.,  obliquely  from  above  down  to  the  inner  border  of 
their  base.  The  molars  of  the  lower  jaw  are  rather  narrower  from 
side  to  side  than  those  above,  and  are  convex  or  worn  ujion  their 
outer  side.  Each  molar  has  a short,  thick,  simple  and  soUd  nnit. 

The  upper  canines  are  of  enormous  size,  descending  and  jiro- 
jecting  from  the  mouth,  like  tusks,  fig.  265,  c,  slightly  inclined 
outward  and  bent  backward ; they  present  an  oval  transverse 
section,  with  a shallow  longitudinal  groove  along  the  inner  side, 
and  one  or  two  narrower  longitudinal  impressions  upon  the  outer 
side ; the  base  of  the  canine  is  widely  open,  its  growth  being 
uninterrupted.  Their  homotyjic  below  retains  the  size  and  shajic 
of  the  succeeding  molars. 

The  food  of  the  Walrus  consists  of  sea-weed  and  bivalves;  the 
molars  are  well  athqitcd  to  break  and  crush  shells  ; and  frag- 
ments of  a species  of  d/yo  have  been  found,  with  jwunded  sea- 
weed, in  the  stomach.  The  canine  tusks  serve  as  weajions  of 
offence  and  defence,  and  to  aid  the  animal  in  mounting  and 
clambering  over  blocks  of  ice. 
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A large  extinct  carnivorous  animal  { Machuirodtu,  fig.  293,  vi.), 
Iiad  the  upper  canine  teeth,  c,  developed  to  almost  the  same  dis- 
proportionate length  as  in  the  Walrus,  whereby  they  were  also 
compelled  to  pass  outside  the  lower  jaw  when  the  mouth  was  shut. 
But  these  teeth  were  shaped  after  the  type  of  the  feline  canines, 
ouly  with  more  compressed  and  trenchant  crowns ; and  they  were 
associated  with  other  teeth  in  number  and  kind  demonstrating 
the  feline  aflfinity  of  the  genus  Machairodus.  Its  remains  occur 
in  newer  tertiary  deposits  and  in  caves.' 

In  older  tertiary  formations,  remains  of  carnivorous  Mammals 
have  been  found  with  the  three  true  molar  teeth  as  expressly 
modified  for  the  division  of  flesh,  and  as  worthy  the  term  of 
‘ sectorials  ’ as  the  teeth  so  called  in  the  lion.  These  teeth 
were  associated  with  conical  premolars,  long  canines,  and  short 
incisors,  so  as  to  exemplify  the  typical  formula,  e.g. — 


;c  — i V — X m — I 

3.3  l.r^4.4*  3.3 


The  extinct  Hyeenodon  and  Pterodon  of  the  upper  eocene  forma- 
tions of  Hampshire  and  of  France,  manifest  this  interesting  and 
instructive  character  of  dentition. 

A reduced  view  of  the  lower  jaw  of  the  Ilyanodon  Betfuieni  is 
given  in  fig.  266.  After  the  canines,  c,  come  four  successively 
enlarging  conical  com-  266 

pressed  premolars,  p 
1 —4 ; then,  instead  of 
a single  caixassial  re- 
presenting the  first 
true  molar,  there  are 
three  of  these  singu- 
larly motlified  teeth — 
the  first,  m i,  being  of 
suddenly  small  size, 
as  compared  with  the  antecedent  premolar,  and  obviously  illustra- 
ting its  true  nature  as  a continuation  of  the  deciduous  series,  with 
which,  doubtless,  it  agreed  in  size.  It  became  a permanent  tooth 
onlv  because  there  was  no  premolar  developed  beneath  it,  so  as  to 
displace  it.  The  succeeding  camassial  true  molars,  w 2 and  3, 
progressively  increase  in  size.  The  symbols  in  fig.  266  denote  the 
homologies  of  the  teeth.  The  marks  of  abrasion  on  the  lower 
teeth  in  the  Ilyanodon  prove  the  upper  series  to  have  been  the 
same  in  number. 

A second  form  of  equally  ancient  Carnivore  was  a mixcil- 


*’  Kent's  Hole,  Dcronshire,  e.  g.;  cxvi''.  p.  174. 
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feeding  animal,  allied  to  the  viverrine  and  canine  families,  the 
true  molars  presenting  the  tuberculate  modification,  and  the 
typical  number  and  kinds  of  teeth  being  functionally  developed, 
as  in  the  Hycenodon.  The  series  in  the  upper  jaw  are  shown  in 
fig.  267.  The  term  ‘tubercular’  is  as  applicable  to  the  three 
true  molars  of  the  Amphicyon,  in  i,  2,  3,  as  the  term  ‘camassial  ’ 
is  to  those  of  the  Hycenodon. 


3C7 


Dentition,  npper  j»w, 


§ 221.  Teethof  Ungulata.  — The  most  common  characteristic  of 
this  dentition  is  the  large  size,  cuboid  shape,  and  complex  structure 
of  the  crowns  of  the  grinding  teeth.  The  enamel  not  only  incloses 
but  dips  or  penetrates  into  the  substance  of  the  dentinal  body, 
and  the  cement,  which  is  thick,  accompanies  the  enamel.  Thus 
the  massive  grinding  organ  is  made  up  of  substances  of  different 
densities,  and  the  working  surface  is  irregular  by  the  projections 
of  the  harder  material,  as  in  the  mineral  ‘ grit  ’ that  is  thereby 
suitable  as  a millstone. 

A.  Homologies  of  the  parts  o f the  grinding  surface. — The  pattern 
of  the  grinding  surface,  especially  of  the  upjier  molars,  varies  in 
each  genua  of  Ungulata,  and  is  eminently  characteristic  thereof. 
Nevertheless,  two  leading  types  may  be  recognised.  One,  of  un- 
symmetrical  character,  was  early  shown  in  Palaotherium,  and  is 
traceable  in  secondary  modifications  characteristic  of  Paloplothe- 
rium,  Hipparion,  Equus,  Hyrai,  and  Rhinoceros.  A second  was 
as  early  manifested  in  Anoplotherium  and  Dichodon ; it  is  more 
symmetrical  in  pattern,  and  is  traceable,  with  modifications,  in 
Dicotyles,  Sus,  Hippopotamus,  and  Ruminants.  Indications  of  a 
more  generalised  type  of  molar  have  been  obtained  from  tertiary 
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deposits  antecedent  in  time  to  those  characterised  by  Pal  mo- 
or Anoplo-therium : they  are  afforded  by  PUolophus,'  and 
Coryphodon.^  The  answerable  parts  of  the  grinding  surface 
will  first  be  illustrated  in  the  unsymmetrical  series.  In 
Palmotherium,  e.  g.  fig.  268,  the  tract  of  dentine,  a,  b,  extending 
along  the  outer  side  of  the  crown,  has  two  indents,  f,  f,  whereby 
it  is  divided  into  two  lobes,  an  anterior  or  ‘ ant-extemal  lobe,’  a, 
and  a posterior  or  ‘ post-external  lobe,’  h.  The  tract  of  dentine 
along  the  inner  side  of  the  crown  is  also  divided  by  two  deeper 
and  more  oblique  clefts  or  valleys  into  an  ‘ ant-internal  lobe,’  c,  m, 
and  a ‘ post-internal  lobe,’  d : these  lobes  extend  obliquely  inward 
and  backward  from  the  outer  ones,  of  which  they  are  direct  con- 


268  269 


Upper  molmr  (m  t) : Paittothtrium  Upper  moUr  (m  9) ; PakuMkerium. 


tinuations.  The  anterior  of  the  two  inner  clefts,  e,  i,  extends 
from  the  middle  of  the  inner  surface  of  the  crown  obliquely  out- 
ward and  forward : the  posterior  one,  g,  h,  enters  at  the  posterior 
side  of  the  crown,  and  extends  nearly  parallel  with  e,  i:  both 
valleys  expand  and  deepen  at  their  blind  ends.  At  an  early 
period  of  the  attrition  of  the  crown  they  intercommunicate,  and 
extend  to  the  anterior  side  of  the  crown,  at  /,  as  in  the  younger 
molar  of  Palophtherium,  fig.  269.  But  the  shallow  communica- 
ting passages  between  h and  t,  i and  I,  are  soon  obliterated,  the 
dentine  of  lobe  d becoming  continuous  with  b ; and  that  marked 
e with  a.  In  Paloplotherium  a branch  valley,  also,  extends 
from  e i,  to  the  anterior  side  of  the  crown,  h,  cutting  off  the 
part  of  the  ant-intemal  lobe  m from  the  rest  of  c ; but,  by  con- 
tinued abrasion,  this  valley  is  also  obliterated,  and  the  tooth 
assumes  more  of  the  palseotherian  pattern.  In  Equus,  fig.  270, 
the  valleys  are  of  less  equal  depth  than  in  Palmotherium,  and  are 

' CXt".  p.  S4.  ’ rXTl".  p.  299. 
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80  shallow  midway  that,  at  an  early  stage  of  attrition,  the  entry 
of  the  ]x)sterior  valley,  is  separated  from  its  termination,  h ; 
and  that  of  the  internal  valley,  e,  from  its  termination  i ; the  blind 
ends  of  both  valleys,  moreover,  are  more  extended  and  irregular, 
than  in  Palaotherium,  with  the  tendency  to  curve,  so  as  to  produce 
the  crescentic  form  of  the  islands,  i,  h,  in  fig.  270.  The  oblitera- 
tion of  the  mid-part  of  the  accessory  valley,  k,  unites  the  dentinal 
tract,  m,  to  the  rest  of  the  lobe,  c,  as  in  Palaotherium,  fig.  268: 
but  it  long  remains  separate  in  Ilipparion,  as  in  Paloplotherium , 
fig.  269. 

The  Rhinoceros  and  Jlyrax  more  closely  adhere  to  the  Palaeo- 
theriumtype:  but  the  outer  indents, /,  y,  arc  less  marked.  The 

270  271 


rpi»er  moUr  (m  *), fofrtfniM.  rrper  molar  (m  3),  UtQne<rv>t. 

horse  apjiroaches  nearest  to  the  symmetrical  type  of  the  Rumi- 
nants, in  which  the  homologous  parts  of  the  crown  can,  mostly, 
be  well  defined. 

In  the  unworn  crown  of  the  Ruminant  molar,  fig.  271,  tlic 
valley,  g,  h,  extends  across  the  crown  more  parallel  with  the 
long  axis  of  the  jaw,  than  in  fig.  268,  curving  with  the  concavity 
outward : it  communicates  with  the  valley,  i ; and,  as  in  Pnloplo- 
therium,  this  is  continued  to  the  foreside  of  the  crown,  as  at  /, 
fig.  269,  severing  the  lobe  c from  a.  In  Ruminants,  both  the 
anterior  and  posterior  entries  to  this  antero-jHisterior  double- 
curved  cleft  arc  so  shallow  tliat  they  are  soon  obliterated,  and  tbc 
lobe  h is  continued  by  a tract  of  dentine,  with  d,  along  the  hind 
part  of  the  crown : as  the  lobe  a is  continued  into  lobe  c at  the 
fore  part,  as  seen  in  tbe  worn  molar  of  the  deer,  fig.  271:  the 
middle  of  valley,  e,  is  scparatwl  from  the  end  i,  as  in  the  horse: 
l)ut  the  course  of  this  valley  is  more  transverse,  and  more  di- 
rectly bisects  the  antcro-jiostcrior  valley,  h,  i : thus  the  inner 
lobes  c and  d are  more  ]>arallel  with  and  similar  to  the  outer 
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lobes  a,  b.  Whether  the  accessory  lobule  m,  be  a homologue 
of  the  end,  so  marked,  of  lobe  c in  Palteothcrium,  Paloplotherium, 
and  Equut,  or  a special  development  at  the  entry  of  valley  e may 
be  doubtful. 

In  the  Hippopotamus,  fig.  272,  the  valley  commencing  at  the 
inner  side  of  the  crown  at  e,  extends  straight  across  the  tooth  to 
n,  bisecting  the  crown  trans- 
versely: it  is  also  bisected, 
antero-posteriorly,  by  a shal- 
lower valley,  answering  to 
h,  i,  fig.  271.  At  the  stage 
of  attrition  shown  in  fig. 

272,  the  remnant  of  the 
latter  valley  is  seen  at  h and 
I : the  deeper  transverse 

valley,  e,  n,  remains : the 
shorter  indents,y,y,  g,k,  give 
the  trefoil  character  to  the 
two  chief  divisions  of  the  crown  characteristic  of  Hippopotamus. 

Another  exposition  of  the  homologous  ]>arts  of  the  complex 
crowns  of  the  Ungulate  molars  assumes  the  crucial  di>’ision  into 
four  quarters  or  lobes  to  be  the  primitive  modification.  The  fore- 
and-aft  cleft  has  already  begun  to  be  filled  by  the  mid-lobules  in 
Pliolophus:  the  arrest  of  the  outer  end  of  the  transverse  cleft 
produces  the  continuity  of  a with  b : that  of  its  mid-part,  of  d 
with  e : the  obliteration  of  both  ends  of  the  antero-posterior  cleft 
insulates  that  cleft,  as  in  the  Ruminant.  The  obliteration  of  the 
middle  of  the  transverse  cleft  produces  the  continuation  of  a,  b, 
with  d,  c ; while  the  oblique  continuation  of  e with  i,  and  the 
retention  of  the  continuity  of  g with  h,  leads  to  the  tyjHJ  of 
Palceotherium  and  Rhinoceros. 

A sub-type  of  grinding  surface  is  produced  by  the  existence  of 
a transverse  without  an  antero-posterior  valley,  dividing  the 
crown  into  a pair  of  transverse  ridges ; as  in  the  Tapir ; which, 
however,  is  mainly  the  greater  development,  and  more  transverse 
disposition,  of  the  tracts  b,  d,  and  a,  c,  in  Palceotherium,  fig.  268. 
The  ‘ bilophodont’  sub-type  becomes  more  marked  in  Dinotherium, 
fig.  288,  and  in  the  anterior  small  molar  of  Mastodon : the  suc- 
cessive multiplication  of  the  transverse  ridges  completes  the 
transition  into  the  molar  character  of  Elephas. 

B.  Artiodactgla.  The  extinct  Cheeropotamus,  Anthracotherium, 
Ilgopotamus  and  Ilippohgus,  had  the  typical  dental  formula,  and 
this  is  preserved  in  the  existing  representative  of  the  same  section 
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of  non-ruminant  Artiodactyles,  the  Hog.  The  permanent  dental 
formula  of  the  genus  Siis  is  illustrated  in  fig.  273. 

The  upper  incisors  decrease  in  size  from  the  first,  i i,  to  the 
third,  t 3,  receding  from  each  other  in  the  same  degree ; the  first 
is  relatively  larger  in  the  Sus  larvatus  than  in  the  Sus  scrofa  ; the 


273 


ZVntltlon  of  Ouar  (5im). 


basal  line  of  the  enamel  is  irregular  ; that  substance  extends  more 
than  an  inch  upon  the  outer  side  of  the  tooth,  but  only  two  or 
three  lines  on  the  inner  side.  The  lower  incisors  are  long,  sub- 
compressed, nearly  straight ; the  second  is  rather  larger  than  the 
first ; the  third  is  the  smallest,  as  in  the  upper  jaw. 

The  upper  canines,  in  the  Wild  Boar,  fig.  273,  e,  curve  forward, 
outward,  and  upward  ; their  sockets  inclining  in  the  same  direc- 
tion, and  being  strengthened  above  by  a ridge  of  bone,  which  is 
extraordinarily  develojicd  in  the  Alasked  Boar  of  Africa.  The 
enamel  covering  the  convex  inferior  side  of  this  tusk  is  longi- 
tudinally ribbed,  but  is  not  limited  to  that  part ; a narrow  strip 
of  the  same  hard  substance  is  laid  upon  tbe  anterior  jiart,  and 
another  upon  the  posterior  conclave  angle  forming  the  point  of 
the  tusk,  which  is  worn  obliquely  upwards  from  before,  and 
backwards  from  that  {mint.  In  the  Sow  the  canines  are  much 
smaller  than  in  the  Boar.  Castration  arrests  the  development 
of  the  tusks  in  the  male. 

The  teeth  of  the  molar  scries  {irogressivcly  increase  in  size 
from  the  first  to  the  last.  The  first  {iremolar,  ib.  />  i,  has  a 
sim|de,  comprcsse<l,  conical  crown,  thickest  behind,  and  has  two 
fangs.  The  second,  p 2,  has  a broader  crown  with  a hind-lobe. 
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having  a depression  on  its  inner  surface,  and  each  fang  b^ins  to 
be  subdivided.  The  third,  p s,  has  a similar  but  broader  crown 
implanted  by  four  fangs.  The  fourth,  p 4,  has  two  principal 
tubercles  and  some  irregular  vertical  pits  on  the  inner  half  of  the 
crown.  The  6rst  true  molar,  m i,  when  the  permanent  dentition 
is  completed,  exhibits  the  effects  of  its  early  development  in  a 
more  marked  degree  than  in  most  other  manunals,  and  in  the 
Wild  Boar  has  its  tubercles  worn  down,  and  a smooth  field  of 
dentine  exposed  by  the  time  the  last  molar  has  come  into  place ; 
it  originally  bears  four  primary  cones,  with  smaller  subdivisions 
formed  by  the  wrinkled  enamel,  and  an  anterior  and  posterior 
ridge.  The  four  cones  produced  by  the  crucial  impression,  of 
which  the  transverse  part  is  the  deepest,  are  repeated  on  the 
second  true  molar  m 2,  with  more  complex  shallow  dinsions,  and 
a larger  tuberculate  posterior  ridge.  The  greater  extent  of  the 
last  molar,  m s,  is  chiefly  produced  by  the  development  of  the 
back  ridge  into  a cluster  of  tubercles ; the  four  primary  cones 
being  distinguishable  on  the  anterior 
main  body  of  the  tooth.  The  crowns 

of  the  lower  molars  are  very  similar  ~ ^ 

to  those  above  but  are  rather  nar- 

rower,  and  the  outer  and  inner  basal 

tubercles  are  much  smaller,  or  are 

wanting ; the  grinding  surface  of  the 

last  is  shown  in  fig.  274. 

The  first  or  deciduous  dentition  of  the  Hog  consists  of — 


3.3  1.1  3.3 

■3:3'  'n’  294). 


The  canines  are  feeble,  and  have  their  normal  direction  in  both 
jaws,  the  upper  ones  descending  according  to  the  general  type, 
which  is  not  departed  from  until  at  a later  period  of  life.  The  first 
deciduous  molar  Is  not  succeeded  by  a premolar,  but  holds  the 
place  of  such  some  time  after  the  other  deciduous  molars  are  shed. 

The  dentition  of  the  Wart-hogs  is  reduced  by  the  suppression 
of  certain  incisors  and  of  the  first  two  premolars—  the  tooth- 
forming  energy  being,  as  it  were,  transferred  to  the  last  true 
molar,  fig.  275,  m 3,  which  is  even  more  remarkable  than  in  the 
common  hog  for  its  size  and  complexity  in  both  jaws  : it  is  per- 
haps the  most  peculiar  and  complex  tooth  in  the  whole  class  of 
Mammalia.  The  surface  of  the  crown  presents  three  series  of 
enamel-islands,  in  the  direction  of  the  long  axis  of  the  grinding 
surface ; the  eight  or  nine  islands  of  the  middle  row  are  elliptic 
and  simple  ; those  of  the  other  rows  are  equal  in  number,  but  are 
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sometimes  subdivided  into  smaller  islands.  These  islands  or 
lobes  are  the  abraded  ends  of  long  and  slender  columns  of  dentine, 
encased  by  thick  enamel,  and  the  whole  blended  into  a coherent 
crown  by  abundant  cement,  which  fills  up  all  the  interspaces,  and 
forms  a thick  exterior  investment  of  the  entire  complex  tooth. 

The  milk-molars  are  in  number  ; but  only  the  two  last  are 
succeeded  by  premolars.  These  are  small,  and,  after  the  wearing 
nut  of  the  first  true  molar,  are  shed,  leaving  the  remnant  of  the 
second  true  molar,  fig.  275,  m 2,  with  the  last  large  one,  m 3,  to 
which  the  work  of  mastication  is  confined  in  old  Wart-hogs. 
This  interesting  modification,  as  to  order  and  number,  in  the 
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Dentition  of  Ulppoputaiuus. 

change  of  the  dentition,  has  thrown 
important  light  on  the  more  ano- 
malous dentition  of  the  Elephant.' 

The  tendency  to  excessive  development  which  characterises  the 
canine  teeth  in  the  Suida,  affects  both  these  and  the  incisors  in 
the  genus  Hippopotamus.  The  two  median  inferior  incisive  tusks, 
fig.  276,  1,  are  cylindrical,  of  great  size  and  length-;  the  two  outer 
incisors  are  likewise  cylindrical  and  straight,  but  much  smaller. 
The  upper  canines  curve  downward  and  outward  ; their  exposed 
part  is  very  short,  and  is  worn  obliquely  at  the  forepart ; they  are 
three-sided,  with  a wide  and  deep  longitudinal  groove  behind. 
The  lower  canines,  ib.  c,  are  massive,  curved  in  the  arc  of  a 
circle,  subtriedral,  the  angle  rounded  off  between  the  two  an- 
terior sides,  which  are  convex  and  thickly  enamelled,  the  jmstcrior 
side  of  the  crown  being  almost  wholly  occupied  by  the  oblique 
abraded  surface  opposed  to  that  on  the  upper  canine.  The  im- 
planted base  of  each  of  these  incisive  and  canine  teeth  is  simple, 
and  excavated  for  a large  persistent  matrix,  contributing  to  their 
perennial  growth  by  constantly  reproducing  tlic  dental  matter  to 

' CLXXIII  -,  p.  495. 
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replace  the  abraded  extremities.  The  direction  of  the  abraded 
surface  is  in  part  provided  for  by  the  partial  disposition  of  the 
enamel.  The  molar  series  consists  of — 


.4  3.3 

4.4’  "*  3.3 


28. 


The  first  prcmolar  is  small,  far  in  advance  of  the  second,  and  is 
soon  shed:  the  others  (fig.  276,  2,  3,  4)  form  a continuous  series 
with  the  true  molars  (/a,  2,  3).  These  have  the  double  trefoil 
character  shown  in  fig.  272.  The  crown  of  the  last,  in  the  lower 
jaw,  is  lengthened  by  a fifth  cusp  developed  behind  the  normal 
pairs.  The  large  tusks,  fig.  276,  c,  exhibit  the  maximum  of  density 
in  their  component  tissues.  The  enamel  ‘ strikes  fire  ’ with  steel 
like  flint.  The  compact  dentine  has  a high  commercial  value, 
especially  for  the  fabrication  of  artificial  teeth.  It  differs  from 
true  ivory  by  showing,  in  transverse  section,  the  shnple  concentric 
instead  of  the  ‘ engine-turned’  or  curvilinear  decussating  lines.' 

The  affinities  of  the  Hippopotamus  arc  clearly  manifested  by 
the  character  of  its  deciduous  dentition  ; and  if  this  be  compared 
with  the  dentition  at  a like  immature  period  in  other  Ungulata, 
it  will  be  seen,  by  its  closer  correspondence  with  that  of  Artio- 
dactyles,  and  more  especially  the  Phacochcre,  that  the  Ilippo- 
jM)tamu8  Ls  essentially  a gigantic  Hog. 

The  formula  of  the  teeth  which  are  shed  and  replaced,  is — • 


i.i 


3.3 


. 2.2 

’ 2.2'  ‘ 1.1'  " 3.3 


24. 


If  the  small  and  simple  tooth,  which  is  developed  anterior  to  the 
deciduous  molars,  and  which  has  no  successor,  be  regarded,  from 
its  early  loss  in  the  existing  Hippopotamus,  as  the  first  of  the 
deciduous  series,  we  must  then  reckon  with  Cuvier  four  milk- 
molars  on  each  side  of  both  jaws. 

The  incisors  in  both  jaws  arc  simply  conical  and  subcqual,  with 
an  entire  cap  of  enamel  on  the  crown.  The  deciduous  canines 
scarcely  surpass  them  in  size  in  the  upper  jaw,  and  not  at  all  in 
the  lower.  Projecting  fonvard,  here,  from  the  angles  of  the 
broad  and  straiglit  symphysis,  they  appear  like  an  additional  pair 
of  incisors ; and  this  character  of  equality  of  development  was 
retained  by  the  ancient  form  of  Hippopotamus  with  the  more 
typical  number  of  incisors,  which  formerly  inhabited  India, 

The  first  true  deciduous  molar,  d 2,  has  a ctmical  crown  and  two 
fangs  in  both  jaws.  That  above  has  also  a conical  crown  with 
one  strong  posterior  and  two  anterior  ridges.  The  second 


* In  V.  \n  descril>ed  (p.  5f>9)  and  figured  (pi.  142),  the  lower  tusk  of  n ITi]>popola- 
mui  which,  after  fr.iclurc.  had  been  united  again  by  a ma»»  of  ‘ oattodcniiiic.* 
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deciduous  molar,  d 3,  has  a large  trilobate  crown,  the  first  lobe  small, 
with  an  anterior  basal  ridge ; the  second  large,  conical,  with  three 
longitudinal  indentations ; the  third  lobe  still  larger,  and  cleft  into 
two  half-cones  by  an  antero-posterior  fissure  assuming  the  normal 
pattern  of  the  true  molars.  The  third  deciduous  molar,  d a,  above 
more  closely  resembles  the  ordinary  upper  true  molar;  but  its 
second  pair  of  demi-cones  are  relatively  larger.  In  the  lower  jaw 
the  last  deciduous  molar,  d 4,  has  a more  complex  crown  than  that  of 
any  other  teeth  of  the  permanent  or  deciduous  dentition.  It  has 
three  pairs  of  demi-cones,  progressively  increasing  in  size,  from 
before  backward,  wth  an  anterior  and  posterior  basal  ridge  and 
tubercles.  Like  the  last  trilobate  deciduous  lower  molar  of  the 
Hog,  it  increases  in  thickness  posteriorly,  instead  of  diminishing 
here,  like  the  last  true  molar  of  the  lower  jaw  of  the  adult  Hippo- 
potamus. 

The  upper  incisors,  and  the  first  premolar  of  both  jaws,  are  not 
developed  in  the  typical  Ruminants,  rarely  the  upper  canines : 
the  dental  formula  being; — 

• fs'  ^ ” 1-3  = (’O'-  “■  p- 

The  gazelle,  the  sheep,  the  ox— respectively  representing  the 
families  AntHopidce,  Ovida,  and  Bovidte,  which  are  collectively 
designated  the  ‘ hollow-homed  ruminant.s  ’ — all  j)resent  this 
formula.  It  likewise  characterises  many  of  the  solid-homed 

ruminants,  or  the  deer  tribe 
( Cervida),  the  exceptions  hav- 
ing canine  teeth  in  the  upj>er 
jaw  of  the  male  sex,  and 
sometimes  also  in  the  females, 
though  they  are  always  smaller 
in  these. 

The  upper  canines  attain 
their  greatest  length  in  the 
Muntjac  (vol.  ii.  p.  478,  fig. 
328,  a a)  and  the  small  Musk- 
deer,  and  especially  in  the 
typical  species  (Moschiis  moschiferus,  fig.  277.)  These  teeth,  in- 
deed, in  the  male  Musk,  ib.  c,  present  proportions  intermediate  be- 
tween those  of  the  upper  canines  of  the  Machairodus  and  of  the 
Morse.  The  inverse  relationship  in  the  development  of  teeth  and 
horns,  exemplified  by  the  total  absence  of  canines  in  the  Rumi- 
nants with  persistent  frontal  weapons,  by  their  first  appearance 

' The  line  traTcrses  the  Ctivicrian  ‘dents  cat nassi^rcs ’ ; the  interrupted  line  tra- 
verses the  Bluinvillian  ‘ dents  principales  ’. 
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in  the  periodically  hornless  deer,  and  by  their  larger  size  in  the 
absolutely  hornless  Musks,  is  further  illustrated  by  the  presence 
not  only  of  canines,  but  of  a pair  of  laniarifonn  incisors,  fig.  278,  i, 
in  the  upper  jaw  of  the  Camelida. 

In  the  Camel  and  Dromedary  the  upper  canines,  fig.  278,  c, 
are  formidable  for  their  size  and  shape,  but  do  not  project  beyond 
the  lips  like  the  tusks  of 
the  Musk-deer ; they  are 
more  feeble  in  the  Lla- 
mas and  Vicugnas,  and 
are  always  of  smaller  size 
in  the  females  than  in  the 
males.  The  inferior  ca- 
nines, o,  moreover,  retain 
their  laniariform  sha{)e 
in  the  Camelida,  and  are 
more  erect  in  position 
than  in  the  ordinary  Ru- 
minants. They  are  separated  by  a short  diastema  from  the  inci- 
sors in  the  Auchenice. 

The  true  nature  of  the  corresponding  canines  in  the  ordinary 
Ruminants,  in  which  they  are  procumbent,  and  form  part  of  the 
same  series  with  the  incisors,  is  always  indicated  by  the  lateness 
of  their  development,  and  often  by  some  peculiarity  of  form.  Thus 
in  the  Moschm,  fig.  277,  c,  they  are  smaller  and  more  pointed 
than  the  incisors ; in  the  Giraffe  they  have  a much  larger  crown, 
which  is  bilobed.  The  laniariform  tooth  in  the  premaxillary 
bone  of  the  Camelida,  fig.  278,  i,  which  represents  the  upper  and 
outer  incisor,  i,  is  smaller  than  the  true  canine,  c,  which  is  placed 
behind  it  in  the  Camel  and  Dromedary ; but  in  the  Vicugna  it  is 
as  large  as,  or  larger  than,  the  true  canine. 

Most  of  the  deciduous  molars  of  the  Ruminants  resemble  in 
form  the  true  molars;  the 
last  milk-molar,  for  example, 
fig.  279,  d 4,  in  the  lower 
jaw,  has  three  lobes  like  the 
last  lower  true  molar,  m s. 

The  deciduous  molars  in 
existing  true  Ruminants  are 
three  in  number  on  each  side, 
and,  being  succeeded  by  as  many  premolars,  the  ordinary  perma- 
nent molar  formula  is — 

3.3 

^3.3;  " 3.3’ 


279 


DeciUuuu*  atid  pcrmaaent  teetb  of  a Sheep. 
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OcHtltlun  of  Camel  (CamciHa  bactrianus). 
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but  there  is  a rudiment  of  i in  the  embryo  Fallow-deer,  and  in 
one  of  the  most  ancient  of  the  extinct  Ruminants  {Donmtherium, 
Kaiip)  the  normal  number  of  prcmolars  was  fully  dcvcloped- 
The  characteristic  complexity  of  the  Ruminant  grinder,  fig. 
271,  is  seen,  in  the  permanent  series,  only  in  the  three  |)osterior 
teeth  of  both  upper  and  lower  jaws,  which  are  the  true  molars ; 
the  three  first,  or  premolars,  having  more  simple  crowns  than 
those  which  they  disjdace.  The  complexity  in  question  is  the 
result  of  peculiar  plications  of  the  formative  capsule,  some  of 
which  are  longitudin.al,  or  project  inward  from  the  sides  of  the 
capsule,  and  form  peninsular  folds  of  enamel  upon  the  grinding 
surface  of  the  tooth,  whilst  others  dej>end  vertically  from  the 
summit  of  the  matrix  into  the  body  of  the  tooth,  and  form  islands 
of  enamel  when  the  crown  begins  to  be  worn.  Of  the  longi- 
tudinal folds,  two  in  the  upper  true  molars  are  external,  broad, 
but  shallow,  and  often  sinuous,  and  one  is  internal,  narrow,  and 
deep,  extending  quite  across  the  summit  of  the  crown  of  the 
tooth,  and  decreasing  in  depth  toward  the  base  of  the  crown. 
The  corresponding  fold  of  enamel  in  the  completed  tooth,  ac- 
cordingly, extends  more  or  less  across  the  crown,  from  within 
outward,  as  the  tooth  is  less  or  more  worn.  The  whole  circum- 
ference of  this  complex  molar  is  also  invested  by  a coat  of  enamel 
and  a thinner  layer  of  cement.  In  some  Ruminants,  e.g.  Ox, 
Deer,  and  Giraffe,  a small  vertical  column,  fig.  271,  m,  is  de- 
veloped at  the  internal  interspace  of  the  two  lobes  of  one  or  more 
of  the  upper  true  molars,  varying  in  height,  and  rarely  reaching 
the  summit  of  the  new-formed  crown,  but  longest  in  the  Bovidee. 
Different  genera  of  Ruminants  also  differ  in  the  depth  and  sinu- 
osity of  the  two  outer  longitudinal  folds, y,  and  in  the  dej)th  and 
complexity  of  the  two  vertical  folds,  A,  i,  which  likewise  are  united  in 
some  species  by  a longer  common  base  than  in  others,  producing 
thereby  a continuity  of  the  enamel,  and  complete  antero-jwsterior 
bisection  of  the  grinding  surface  during  a longer  period  of  attri- 
tion. The  molars  of  the  Camel  present  the  most  simple  con- 
dition of  the  Ruminant  type  of  these  teeth ; the  transverse  fold 
dividing  the  crown  being  short,  the  dentine  of  the  two  lobes  sfM>n 
forms  a continuous  tract.  The  common  base  of  the  crescentic 
vertical  folds  of  the  capsule  being  likewise  short,  the  enamel 
islands  arc  soon  sej)arated  from  each  other.  They  include  a 
shallow  or  narrow  crescentic  cavity,  with  a sim])le  but  slightly 
sinuous  contour.  The  two  outer  shallow  longitudinal  depressions 
of  the  crown  have  no  middle  rising ; and  there  is  no  columnar 
process  at  the  intcrsj)ace  of  the  two  inner  convexities. 
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The  lower  molars  arc  like  the  upper  ones  reverscfl.  The  single 
median  longitudinal  fold  is  external,  and  divides  the  convex  outer 
sides  of  the  two  lobes.  The  base  of  the  fold  extends,  in  some 
species,  across  the  molar  for  some  distance  before  it  contracts  in 
breadth,  retreating  toward  the  outer  side,  and  the  two  lobes  of 
the  erown  accordingly  continue  to  be  completely  divided  for  a 
longer  period,  as  in  the  Elk  and  Giraffe.  The  inner  surface  of 
the  molar  is  gently  sinuous,  the  concavities  being  rarely  so  deep 
as  those  of  the  outer  surface  of  the  upper  molars.  The  lower 
molars  are  always  thinner,  in  proportion  to  their  breadth,  than 
those  above,  and  the  crescentic  islands  are  narrower  and  less 
bowed.  The  differences  which  the  lower  molars  present  in  dif- 
ferent genera  of  Ruminants  are  analogous  to  those  in  the  upper 
molars,  but  are  less  marked.  The  accessory  small  column,  when 
present,  as  in  Bos,  Urus,  Megaceros,  and  Alces,  is  situated  at 
the  outer  interspace  of  the  convex  lobes,  and  nearer  the  base  in 
the  Cervidee  than  in  the  Bovidee.  It  is  not  developed  in  the 
Antelopes,  Sheep,  or  Camel,  and  is  wanting  in  most  of  the 
smaller  species  of  Deer.  The  last  true  molar  of  the  lower  jaw  is 
characterised  in  all  Ruminants  by  the  addition  of  a third  pos- 
terior lobe.  This  is  very  small  and  simple  in  the  Camel  and  the 
Gnu,  is  relatively  larger  in  the  Bovida  and  Cervida,  and  pre- 
sents, in  the  Megaceros  and  Sivatherium,  a deeper  central  enamel 
island  or  fold,  which  also  characterises  the  smaller  third  lobe  in 
the  Giraffe.  The  lower  molars  of  the  genus  Auchenia  are  pecu- 
liarly distinguished  by  the  vertical  ridge  at  the  forepart  of  the 
anterior  lobe,  which  docs  not  exist  in  the  Camels  of  the  Old 
World. 

In  all  Ruminants,  the  outer  contour  of  the  entire  molar  series 
is  slightly  zigzag,  the  anterior  and  outer  angle  of  one  tooth  pro- 
jecting beyond  the  posterior  and  outer  angle  of  the  next  in 
advance.  All  the  three  lower  premolars  have  compressed,  sub- 
trenchant,  and  pointed  crowns  in  the  small  Musk-deer  ( Tragulus). 
The  true  Musk  {Mosc/tus)  more  resembles  the  ordinary  Deer 
in  its  ])reraolars.  The  aberrant  Camelidm  deviate  most  from 
ruminant  type  in  the  position,  shape,  and  number  of  the  pre- 
molars: the  anterior  one,  fig.  278,  s,  is  laniariform  in  both  jaws. 

As  phenomena  of  dentition  serve  to  determine,  or  indicate,  the 
age  of  Hoofed  beasts,  a table  is  subjoined  in  which  the  charac- 
teristic teeth  are  indicated  by  the  symbols  adoj)ted  in  my  ‘ Odon- 
tography ’ (v),  and  illustrated  in  figs.  279  and  294,  with  reference 
to  those  domesticated  varieties  raised  for  food,  which  are  usually 
exhibited,  in  competition,  of  prescribed  ages,  at  the  great  cattle 


Digitized  by  Google 


35-2 


ANATOMT  OF  VERTEBRATES. 


shows.  The  range  of  variety,  for  which  allowance  may  be  made, 
is  noted  in  the  Ox  and  Sheep. 

Table  op  tue  Times  op  Appearance  op  the  Permanent  Teeth  in  the  Ox, 
Sheep,  and  IIoo. 


OX. 

6BKEP. 

BOO. 

Sjrmbol*. 

Earir. 

Lat«. 

Eulr. 

L«te. 

Month. 

Yrar. 

Month. 

Y«tr. 

Month. 

Ycnr. 

Month 

Year. 

Month. 

i 1 

1 

9 

2 

3 

1 

0 

1 

4 to 

8 

1 

0 

i 2 

2 

3 

2 

9 

1 

6 

2 

U to 

4 

1 

6 

1 3 

2 

9 

3 

3 

2 

3 

2 

9 to 

12 

0 

9 

e 

3 

3 

3 

9 

3 

0 

3 

6 

0 

9 

m 1 

0 

4 

0 

6 

0 

3 

0 

6 

u 

6 

m2 

I 

3 

1 

8 

0 

9 

1 

0 

0 

10 

m3 

2 

0 

2 

3 

1 

6 

2 

0 

1 

6 

doTp  1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

P 2 

2 

0 

2 

8 

2 

0 

2 

6 

1 

0 

P3 

2 

0 

2 

8 

2 

0 

2 

6 

1 

0 

P < 

2 

8 

3 

0 

2 

3 

2 

6 

1 

3 

C.  Perittodactyla. — The  Horse  is  selected  as  the  first  example  of 
the  dentition  of  the  hoofed  Quadrupeds  with  toes  in  uneven  number, 
because  it  offers  in  this  part  of  its  organisation  some  transitipnal 
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features  between  those  of  the  dental  characters  of  the  typical 
members  of  tlie  artiodactyle  and  of  those  of  the  perissodactylc 
Vngulutu. 

All  the  kinds  of  teeth  are  retained,  in  nearly  normal  numbers, 
in  both  jaws,  and  with  almost  as  little  unequal  or  excessive  de- 
velopment as  in  the  Anojilothcre ; but  the  prolongation  of  the 
slender  jaws  carries  the  canines,  figs.  280,  c,  and  incisors,  ib.  i,  to 
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some  distance  from  the  molars,  and  creates  a long  diastema,  as  in 
the  Ruminants  and  Tapirs.  The  first  deciduous  molar  is  very 
minute  and  is  not  succeeded  by  a premolar;  yet,  remaining  longer 
in  place  than  the  larger  deciduous  molars  behind,  it  represents 
the  first  premolar,  and  completes  the  typical  number  of  that 
division  of  the  grinding  series.  If  the  dental  formula  of  the 
genus  Equut  be  restricted  to  the  functionally  developed  j>enna- 
nent  teeth,  it  will  1)€ — 

3.3  3.3 

\P  . 


. 3.3 
' 3.3’ 


LI. 

l.l' 


3.3 


3.3’ 


40. 


The  outer  side  of  the  upper  molar  of  the  Horse  {Equu$  Ca- 
ballus,  fig.  269)  is  impressed,  as  in  the  Pala»there,  fig.  267,  by 
two  wide  longitudinal  channels ; the  other  evidences  of  the  peris- 
sodactyle  type  of  grinding  surface,  and  the  modifications  thereof, 
are  given  at  p.  341.  In  the  lower  jaw,  the  teeth,  as  usual,  are 
narrower  transversely  than  in  the  up]>er  jaw ; they  are  divided 
externally  into  two  convex  lobes  by  a median  longitudinal  fissure, 
and  on  the  inner  side  they  present  three  principal  unequal  con- 
vex ridges,  and  an  anterior  and  posterior  narrower  ridge ; but 
the  crown  of  the  molar  is  penetrated  from  the  inner  side  by 
dee|>er  and  more  complex  folds  than  in  the 
Rhinoceros  or  Palaeothcre. 

The  incisors,  figs.  280,  285,  i,  are  arranged 
close  together  in  the  arc  of  a circle  at  the  ex- 
tremity of  both  jaws.  They  are  slightly  curved, 
longitudinally  grooved,  with  long  simple  subtri- 
hedral  fangs  ta|«ering  to  their  extremity,  fig. 

280.  The  crowns  are  broad,  thick,  and  short. 

The  contour  of  the  biting  surface,  before  it  is 
much  worn,  approaches  an  ellipse.  These  teeth, 
if  found  detached,  recent  or  fossil,  are  distin- 
guishable from  those  of  the  Ruminants  by 
their  greater  curvature,  and  from  those  of  all 
other  animals  by  the  fold  of  enamel  (ib.  c'), 
which  penetrates  the  body  of  the  crown  from 
its  broad  flat  summit,  like  the  inverted  finger 
of  a glove.  When  the  tooth  begins  to  be  worn, 
the  fold  forms  an  island  of  enamel  inclosing 
a cavity,  *,  partly  filletl  by  cement  and  partly  by  the  discoloured 
substances  of  the  food ; this  is  called  by  horse-dealers  the  ‘ mark.’ 
In  aged  horses  the  incisors  are  worn  down  below  the  extent  of 
the  fold,  and  the  mark  disappears.  The  cavity  is  usually  obli- 
terated in  the  first  or  mid-incisor.s  at  the  sixth  year,  in  the  second 
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incisors  at  the  seventh  year,  and  in  the  third  or  outer  incisors  at 
the  eif^hth  year,  in  the  lower  jaw.  It  remains  longer  in  those  of  the 
upper  jaw,  and  in  both  the  place  of  the  ‘ mark  ’ continues  for  some 
years  to  be  indicated  by  the  dark-coloured  cement  or  osteo-dentine. 

The  canines  are  small  in  the  stallion,  less  in  the  gelding,  and 
rudimental  in  the  mare.  The  unworn  crown  is  remarkable  for 
the  folding  in  of  the  anterior  ami  posterior  margins  of  enamel, 
which  here  includes  an  extremely  thin  layer  of  dentine.  The 
up|)er  canine  is  situated  in  the  middle  of  the  long  interspace  be- 
tween the  incisors  and  molars : the  lower  canine,  fig.  280,  c,  is 
close  to  the  outer  incisor,  as  in  the  Ruminants,  but  is  better  dis- 
tinguished by  its  cuspidate  form. 

The  most  obvious  character  by  which  the  horse’s  molars  may 
be  distinguished  from  the  complex  teeth  of  other  Herbicora  cor- 
res|)onding  with  them  in  size,  is  the  great  length  of  the  tooth 
before  it  divides  into  fangs.  This  division,  indeed,  docs  not 
begin  to  take  place  until  much  of  the  crown  has  been  worn  away; 
and  thus,  except  in  old  horses,  a considerable  |)ortion  of  the  whole 
of  the  molar  is  iin|)lanted  in  the  socket  by  an  undivided  ba.se. 
This  is  slightly  curved  in  the  upper  molars.  It  i)rovides  for  nia.s- 
tication  during  a longer  life  than  in  the  cow. 

The  following  is  the  average  course  of  development  and  suc- 
cession t)f  the  teeth  in  the  Eijuus  Cabal/us : — The  summits  of 
the  first  functional  deciduous  molar'  (‘  first  grinder’  of  veterinary 
authors)  are  usually  apparent  at  birth ; the  succeeding  grinder’ 
sometimes  i-ises  a day  or  two  later,  sometimes  together  with  the 

first.  Their  a])|>earancc  is  speedily 
followed  by  that  of  the  first  decidu- 
ous incisor,  fig.  282,  </ 1 (‘  centre 
ni|)|K-r’ of  veterinarians),  which  usu- 
ally cuts  the  gum  between  the  third 
and  sixth  days ; but  occasionally  pro- 
trudes at  birth.  The  second  deciduous 
incisor,  ib.  d a,  appears  between  the 
twentieth  and  fortieth  days,  and  about 
this  time  the  rudimental  molar,  ’ 
comes  into  ]>lace,  and  the  last  de- 
ciduous molar  ‘ begins  to  cut  the  gum. 
.Msmt  the  sixth  month  the  inferior 
lateral  or  third  incisors,  ih.  d 3,  with 
the  deciduous  canine  make  their  appearance.  The  lower  minute 
canine  is  shed  about  the  time  that  the  contiguous  incisor  is  in 
* The  homoloKuc  of  d . 2^7.  * lb.  3.  * lb.  d I,  * lit  J 4, 
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place.  Tlie  upper  deciduous  canine  is  shed  in  the  course  of  the 
second  year.  The  rise  to  working  level  of  tlie  third  deciduous  in- 
cisors or  ‘ corner  nippers  ’ completes  the  stage  of  dentition  called  the 
‘ colt’s  mouth  ’ by  veterinary  authors,  fig.  282.  The  deciduous  inci- 
sors are  not  only  smaller  than  the  permanent  ones,  but  are  whiter, 
have  a better  marked  ‘ neck,’  tbe  fang  more  slender  and  pointed,  and 
are  devoid  of  the  median  longitudinal  groove.  The  first  ])ernianent 

283  284 


liiciaiYC  dentition  of  S-jrftr  old  0<ilt.  fiirlalvc  deiittilon  of  old 

Lfiwer  Jaw.  Lower  Jaw. 

molar,  m i,  apjHjars  between  the  eleventh  and  fourteenth  months. 
The  ‘ second  ’ molar,  m 2,  follows  at  the  twentieth  month  or  the 
second  year.  The  first  functional  premolar,  p 2,  displaces  the  deci- 
duous molar,  d 2,  at  from  two  years  to  two  years  and  a half  old.' 
The  first  permanent  incisor,  fig.  283,  i i,  displaces  d 3,  and  prt>- 
trudes  from  the  gum  at  between  two  years  and  a half  and  three 
years.  At  the  same  periotl  the  second  or  ]>enultimate  premolar,  p 3, 
pushes  out  the  penultimate  milk-molar,  and  the  penultimate  true 
molar,  m 2,  comes  into  place.  The  last  premolar,  p 4,  displaces  the 
last  deciduous  molar  at  between  three  years  and  a half  and  four 
years;  the  appearance  above  the  gum  of  the  last  true  molar,  m 3,  is 
usually  somewhat  earlier.  The  second  incisor,  fig.  284,  i a,  pushes 
out  its  deciduous  pre<lecessor  at  about  three  years  and  eight  months. 
The  jKinnanent  canine  or  ‘ tusk,’  c,  next  follows ; its  appearance 
indicates  the  age  of  four  years  and  a half ; but  it  sometimes  comes 
earlier.  The  third,  or  outer  incisor,  fig.  28.5,  i 3,  pushes  out  the  de- 
ciduous incisor,  d 3,  about  the  fifth  year,  but  is  seldom  in  full  place 
before  the  horse  is  five  years  and  a half  old ; the  last  premolar  is 
then  usually  on  a level  with  the  other  grinders.  U|K)n  the  rising 


‘ The  botnologous  teeth  in  the  young  Hyrax,  fig.  287,  are  imlicatefi  by  the  name 
syrobola,  anil  the  sole  clcvchipmcnt.il  ilifforeiice  from  the  Horae  is  the  ilisplaocment  <1 
ci  1 by  a p 1 of  functional  site. 

A A 2 


Digitized  by  Google 


356 


ANATOMY  OF  VERTEBRATES. 


of  the  third  permanent  incisor,  or  ‘ corner  nipper,’  the  ‘ colt  ’ be- 
comes a ‘ horse,’  and  the  ‘ filly  ’ a ‘ mare,’  in  the  language  of  the 
horse-dealers ; after  the  disappearance  of  the  ‘ mark  ’ in  the  in- 


cisors, at  the  eighth  or  ninth  year, 

285 


Incisive  dentition.  i-iCAT  old  Hur»e. 
Lower  jnw. 


the  horse  becomes  ‘ aged.’ 

The  modifications  which  the 
upper  molars  of  Hyrax,  fig. 
286,  present,  as  compared  with 
those  of  Paleotherium,  will  be 
readily  understood  by  the  re- 
marks in  the  section  on  the 
homologies  of  the  grinding  sur- 
face, as  illustrated  by  figs.  268- 
270.  The  present  genus  is  a mi- 
niature form  of  the  family,  and, 
like  the  primitive  eo-  and  mio- 
cene  hornless  rhinoceros(.^4  cm<- 
therium),  retains  large  incisors, 
w ith  a type  molar  series,  e.g. 


. 1.1 
• i.i- 


0.0  4.4  .5.3 

nil*/’ 4.4*  ” -1 


3.3 


. 32. 


There  are  no  canines.  As  to  the  incisors  in  Hyrax  or  Rhinoceros 
the  species  vary,  not  only  in  regard  to  their  form  and  proportions, 
286  but  also  their  existence ; 

and  in  the  varieties  of 
these  teeth  we  may  dis- 
cern the  same  inverse 
relation  to  the  develop- 
ment of  the  horns  which 
is  manifested  by  the  ca- 
nines of  the  Ruminants. 
Thus,  the  two-horned 
Rhinoceroses  of  Africa,  which  are  remarkable  for  the  great  length 
of  one  {Rh.  bicornis,  Rh.  simus)  or  both  {Rh.  Keitloa)  of  the 
nasal  weapons,  have  no  incisors  in  their  adult  dentition;  neither 
had  that  great  extinct  two-horned  species  (/f/i.  tichorinus),  the 
prodigious  development  of  whose  horns  is  indicated  by  the  singu- 
lar modifications  of  the  vomerine,  nasal,  and  premaxillary  bones, 
in  relation  to  the  firm  sup]K)rt  of  those  weapons.  The  Sumatran 
bicorn  Rhinoceros  combines,  with  comparatively  small  horns, 
nKKlerately  developed  incisors  in  both  jaws.  The  incisors  are  of 
larger  size  in  the  unicorn  Rhinoceroses  (7?A.  Indicus  and  Rh.  Son- 
daicus) ; still  larger,  relatively,  in  the  hornless  Accrotheriura  and 
Hyrax,  figs.  286,  287,  i. 
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The  deciduous  molars  of  tlie  Rhinoceros  are,  in  number  as  well 
as  in  shape,  similar  to  those  in  Hyrax,  which  bears  the  same  re- 
lation to  the  great  Rhinoceros  as  the  small  existing  Sloth  does  to 
the  extinct  Xlegatherium.  The  change  of  dentition  of  the  Rhi- 
nncerotida  is,  therefore,  here 

illustrated  by  the  young  — — ^ 

Hyrax  capmsis,  fig.  287.  ^ ^ ^ 

The  four  premolars,  p i , ^ V 

2,  3,  4,  are  exposed  above  ■ 

the  four  deciduous  molars,  ^ \ i 

rf  1,  2,  3,  4,  which  they  push 
out;  the  first  true  molar,  " ' 

m I,  is  in  place ; the  second,  ' 

11*1  t D^lduoa*  Mid  t<rm»npDt  teeth,  i/yror.  size. 

m 2,  and  third,  m n,  molars 

are  in  different  states  of  forwardness.  The  first  preraolar  differs 
from  the  rest  only  by  a graduated  inferiority  of  size,  which,  in 
the  last  premolar,  p 4,  ceases  to  be  a distinction  between  it  and 
the  true  molars. 

The  dental  formula  of  the  Tapir  is — 

33  11  44  33 

' 3I’ ' sii’  " 31“  "■ 


The  median  incisors  above  have  a broad  trenchant  crown,  k, 
separated  by  a transverse  channel  from  a large  basal  ridge ; the 
wetlge-shaped  crowns  of  the  opposite  pair  below  fit  into  the 
channel,  and  have  no  basal  ridge ; the  outer  incisors  above  are 
very  large  and  like  canines ; those  below  are  unusually  small. 
The  canines,  /,  have  crowns  much  shorter  than  their  roots,  and 
not  projecting,  like  tusks,  beyond  the  lips;  they  are  pointed,  with 
an  outer  convex,  separated  by  sharp  etlges  from  an  inner,  less 
convex,  surface.  The  lower  canines  form  part  of  the  same  semi- 
circular series  with  the  incisors.  The  first  three  premolars  above 
have  the  outer  part  of  the  crown  composed  of  two  half-cones,  the 
posterior  one  having  a basal  ridge  ; the  anterior  basal  ridge  rises 
into  a small  cusp  in  the  second  premolar,  which  increases  in  size 
in  the  third  and  fourth  ; in  this  tooth  the  transverse  depression 
divides  at  the  base  of  the  anterior  and  outer  demicone,  and  the 
posterior  division  is  continued  into  the  interspace  of  the  two 
demicones ; these,  therefore,  now  become  in  m i and  m 2 the  outer 
ends  of  the  two  transverse  wedge-shaped  eminences,  giving  their 
summits  a curve  whose  concavity  is  turned  backward ; the  last 
molar,  m 3,  may  be  known  by  the  shorter  and  more  curved  pos- 
terior eminence.  In  the  dentition  of  the  lower  jaw  the  double 
transverse  ridged  structure  prevails  throughout  the  molar  series. 
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the  anterior  tilon  beitig  most  produced  and  compressed  in  the 
first  tooth,  p 3. 

Certain  huge  fossil  bilophodontgrinders,  which  seemed  to  indicate 
a gigantic  Tapir,  are  now  known,  by  the  di.scovery  of  the  cranium, 
and  the  enormous  tusks  of  the  lower  jaw,  fig.  288,  /,  to  belong  to 
a genus  connecting  the  tapiroid  with  the  proboscidian  families. 

The  permanent  dentition  of  the  genus  Dinotherium  is — 


. 0.0 


0.0  2.2 
0.0’  ^ 2.2' 


3.  .8 
' 3.3  ' 


22. 


The  two  deciduous  molars  in  situ  on  each  side  of  the  fragment  ot 
the  upper  jaw  of  the  young  Dinotherium,  which  Professor  Kaup' 
has  figured,  answer  to  the  third  and  fourth  of  the  typical  series. 
The  crown  of  the  anterior  milk-molar  supports  two  transverse 


2S8 


DlmtitHTlKm  <Kaap). 


rifigeswitb  an  anterior  and  |Mjsterior  biusal  ridge;  its  contour  is 
almost  srpiiiix' ; the  last  iiiilk-niohir  ha.s  a greater  antero-]K>ste- 
riui  extent,  and  siip|)orts  three  transvei'so  ciniiienocs  with  an 
anterior  and  posterior  basal  ridge,  the  anterior  ridge  being 
developed  into  a pointed  tubercle  at  its  outer  end.  "tIic  two 
premolars,  fig.  288,  p 3 and  4,  conform  to  the  general  rule  in 
being  more  simple  than  the  teeth  which  they  displace  and  suc- 
ceed. The  transverse  diameter  of  the  second  premolar  exceeds  the 
antero-jKtsterior  one,  the  proportions  being  the  reverse  of  those  of 
the  deciduous  molar,  which  it  displaces.  The  first  true  molar,  m 
1,  repeats  the  structure  of  the  hindmost  deciduous  molar,  its  crown 
• CLxix",  p.  401 ; and  czm".  Tub.  i. 
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having  a disproportionate  antero-posterior  extent,  and  supporting 
three  transverse  eminences,  with  an  anterior,  posterior,  and  inter- 
nal basal  ridge.  The  Dinothere  resumes  the  tapiroid  character, 
and  differs  from  the  Mastodon,  inasmuch  as  the  posterior  molars, 
m » and  3,  instead  of  having  an  increased  antero-posterior  extent 
and  more  complex  crowns,  increase  only  in  thickness,  and  support 
two  instead  of  three  transverse  eminences ; they  have  also  an  an- 
terior and  a posterior  basal  ridge.  In  the  lower  jaw  the  first 
premolar,  p 3,  Ls  implanted,  like  that  above,  by  two  fangs ; but  it 
has  a smaller  and  simpler  crown,  which  is  narrower  in  proportion  to 
its  antero-posterior  extent,  and  is  almost  entirely  occupied  by  the 
antero-posterior  ridge,  only  the  posterior  of  the  two  inner  tuber- 
cles being  developed  ; thus  the  crown  presents  more  of  a trenchant 
than  of  a grinding  character  ; the  second  premolar,  p supports 
two  transverse  ridges.  The  third  of  the  permanent  series,  which 
is  the  first  true  molar,  m i,  has  three  transverse  ridges,  like  the 
one  above,  but  is  relatively  narrower;  the  second,  m 2,  and  third, 
m 3,  true  molars  have  each  large  square  crowns,  with  two  trans- 
verse ridges,  and  an  anterior  and  posterior  talon,  the  latter  being 
more  developed  than  in  the  corresponding  molars  of  the  upj)er 
jaw. 

The  generic  peculiarity  of  the  Dinotherium  is  most  strongly 
manifested  in  its  tusks.  These,  fig.  288,  i,  are  two  in  number, 
implanted  in  the  prolonged  and  deflected  symphysis  of  the  lower 
jaw,  in  close  contiguity  with  each  other,  and  having  their  exserted 
crown  directed  downward  and  bent  backward,  gradually  de- 
creasing to  the  pointed  extremity.  In  jaws  with  molar  teeth  of 
equal  size,  the  symphysis  and  its  tusks  offer  two  sizes ; the  larger 
ones,  which  have  been  found  four  feet  in  length,  with  tusks  of 
two  feet,  may  be  attributed  to  the  male  Dinothere ; the  smaller 
specimens,  wth  tusks  of  half  size,  to  the  female.  The  ivory  of 
these  tusks  presents  the  fine  concentric  structure  of  those  of  the 
Hippopotamus,  not  the  decussating  curvilinear  character  which 
characterises  the  ivory  of  the  Elephant  and  Mastodon.  No  cor- 
responding tusks,  nor  the  germs  of  such,  have  yet  been  discovered 
in  the  upper  jaw  of  the  Dinotherium. 

D.  Proboscidia. — The  dentition  of  the  genus  Elephas,  the  sole 
existing  modification  of  the  once  numerous  and  varied  Probosci- 
dian family,  includes  two  long  tusks,  fig.  289,  one,  i,  in  each  of  the 
premaxillary  bones,  and  large  and  complex  molars,  ib.,  d 4,  m i, 
m 2,  in  both  jaws:  of  the  latter  there  is  never  more  than  one 
wholly,  or  two  partially,  in  place  and  use  on  each  side  at  any 
given  time,  the  series  being  continually  in  progress  of  formation 
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dose  to  tlic  na.'ial  aportiirp,  fijf. 
289,  n.  The  tusk,  being  subject  to 
no  attrition  from  an  opjHised  tooth,  but  being  worn  only  by  the  oc- 
casional uses  to  which  it  is  applied,  arrives  at  an  extraordinary 
length,  following  the  curve  originally  impressed  upon  it  by  the 
form  of  the  socket,  and  gradually  widening  from  the  projecting 


and  destruction,  of  shedding  and  replacement : and  all  the  grinders 
succeed  one  another,  like  true  molars,  horizontally,  from  behind 
forwards. 

The  total  number  of  teeth  developed  in  the  elephant  appears 
,nig_g”28:  the  two  large  permanent  tusks  being 

preceded  by  two  small  deciduous  ones,  and  the  number  of  molar 
teeth  which  follow  one  another 
on  each  side  of  both  jaws  being  2S9 

not  le.*s  than  six,  of  which  the 
last  three  answer  to  the  true 
molars  of  other  inaminals. 

The  deciduous  tusk  apj)cars 
beyond  tlie  gum  between  the 
tilth  and  sevcntli  month ; it 
rarely  cxceed.s  two  inche.s  in 
length,  and  is  shed  between 
the  first  and  second  year. 

The  permanent  tusks  cut 
the  gum  when  about  an  incdi 
in  length,  a month  or  two 
usually  after  the  milk-tusk.s 
are  .shed.  Their  widely  open 
base  is  fixed  upon  a conical 
pulp,  which,  with  the  cajvsule 
surrounding  the  b:ise  of  the 
tusk  and  the  socket,  conti- 
nues to  increase  in  size  and 
depth,  obliterating  all  vestiges 
of  that  of  the  deciduon.s  tusk, 
anil  finally  extending  its  Ikusc 
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apex  to  that  part  which  was  formed  when  the  matrix  and  the 
socket  had  reached  their  full  size. 

These  incisive  teeth  of  the  elephant  not  only  surpass  other 
teeth  in  size,  as  belonging  to  a quadru[>ed  so  enormous,  but  they 
are  the  largest  of  all  teeth  in  proportion  to  the  size  of  the  body ; 
representing  in  a natural  state  those  monstrous  incisors  of  the 
rodents,  which  are  the  result  of  accidental  suppression  of  the 
wearing  force  of  the  opposite  teeth,  fig.  239. 

The  tusks  of  the  elephant,  like  those  of  the  mastodon,  consist 
chiefly  of  that  modification  of  dentine  which  is  called  ‘ ivory,’ 
and  which  shows,  on  transverse  fractures  or  sections,  stri%  pro- 
ceeding in  the  arc  of  a circle  from  the  centre  to  the  circumference 
in  opposite  directions,  and  forming  by  their  decussations  curvili- 
near lozenges.  This  character  is  peculiar  to  the  tusks  of  the 
Proboscidian  Pachyderms. 

In  the  Indian  Elephant  the  tusks  are  always  short  and  straight 
in  the  female,  and  less  deeply  implanted  than  in  the  male : she 
thus  retaining,  as  usual,  more  of  the  characters  of  the  immature 
state.  In  the  male  they  have  been  known  to  acquire  a length  of 
nine  feet,  with  a basal  diameter  of  eight  inches,  and  to  weigh  one 
hundred  and  fifty  pounds : but  these 
dimensions  are  rare  in  the  Asiatic 
species. 

The  elephant  of  Africa,  at  least 
in  certain  localities,  has  large  tusks 
in  both  sexes  ; and  the  ivory  is  most 
esteemed  by  the  manufacturer  for 
its  density  and  whiteness. 

The  molar  teeth  of  the  elephant  arc 
remarkable  for  their  great  size,  and 
e.xtreme  complexity  of  their  struc- 
ture, fig.  290.  The  crown,  of  which 
a great  proportion  is  buried  in  the 
socket,  and  very  little  more  than  the 
grinding  surface  appears  above  the 
gum,  is  deeply  divided  into  a number 
of  transverse  perpendicular  plates, 
consisting  each  of  a body  of  den- 
tine, d,  coated  by  a layer  of  enamel 
ib.,  e,  and  this  again  by  the  cement,  ib.,  c,  which  fills  the  interspaces 
of  the  enamelled  plates,  and  here  more  es[>ecially  merits  its  name, 
since  it  binds  together  the  several  divisions  of  the  crown  l>efore 
they  are  fully  formed  and  united  by  the  confluence  of  their  bases 
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into  a conunon  body  of  dentine.  As  the  growth  of  each  plate 
begins  at  the  summit,  they  remain  detached  and  like  so  many 
separate  teeth  or  denticules,  until  their  base  is  completed,  when  it 
becomes  blended  with  the  bases  of  contiguous  plates  to  form  the 
common  body  of  the  crown  of  the  complex  tooth  from  which  the 
roots  are  next  developed. 

The  plates  of  the  molar  teeth  of  the  Siberian  Mammoth  {Elephns 
2JI  primigenius)  are  thinner  in  proportion 


to  their  breadth,  and  more  numerous 
ill  proportion  to  the  size  of  the  crown 
than  in  the  existing  species  of  Asiatic 
Elephant,  In  the  African  Elephant, 
fig.  291,  the  lamellar  divisions  of  the 
crown  are  fewer  and  thicker,  and  they 
expand  more  uniformly  from  the  mar- 
gins to  the  centre,  yielding  a lozenge- 
form  when  cut  or  worn  transversely,  as 


Mnlarit,  Afrimn  Elcphiuit. 


in  mastication.  From  this  modification 


the  gradation  is  close  in  the  many  extinct  species  to  the  three- 
ridged  Mastodons  and  two-ridged  Dinotheres. 

The  first  molars  of  the  Asiatic  Elephant  include  four  plates,  are 
in  ])lace  and  use  at  three  months,  and  are  shed  when  the  elephant 
is  about  two  years  old. 

The  eight  or  nine  plates  of  the  second  molar  are  fonned  in  the 
dosed  alveolus,  behind  the  first  molar  by  the  time  this  cuts  the 
gum,  and  they  arc  united  ivith  the  body  of  the  tooth,  and  most 
of  them  are  in  use,  when  the  first  molar  is  shed. 


The  thii-d  molar  has  the  crown  divided  into  from  eleven  to 


thirteen  plates  ; it  averages  four  inches  in  length,  and  two  inches 
in  breadth,  and  has  a sniall  anterior,  and  a very  large  posterior 
root ; it  begins  to  appear  above  the  gum  about  the  end  of  the 
second  year,  is  in  its  most  complete  state  and  extensive  use 
during  the  fifth  year,  and  is  worn  out  and  shed  in  the  ninth  year. 
Its  remains  about  this  periml  are  shown  in  fig.  289,  d *.  The 
three  preceding  teeth  answer  to  the  deciduous  molars,  d da, 
and  d*,  in  the  Ilyrax,  fig.  287,  and  Hog,  fig.  294. 

The  fourth  molar,  figs.  289  and  292,  m i,  presents  a marked 
superiority  of  size  over  the  third,  and  a somewhat  different  form  : 
the  anterior  angle  is  more  obliquely  abraded,  giving  a pentagonal 
figure  to  the  tooth  in  the  upper  jaw.  The  number  of  plates  in 
the  crown  of  this  tooth  is  fifteen  or  sixteen : its  length  betw'cen 
seven  and  eight  inches;  its  breadth  three  inches.  The  fore- 
part of  the  grinding  surface  of  this  tooth  begins  to  protrude 
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through  the  giiiu  at  the  sixth  year:  it  is  in  full  use  and  place  at 
the  fifteenth  year  (fig.  289,  mi):  the  tooth  is  worn  away,  and  its 
last  remnant  shed,  about  the  twentieth  or  twenty-fifth  year.  It  is 
the  homologue  of  the  first  true  molar  of  Hyrnx,  fig.  287,  m i. 

The  fifth  molar,  ib.,  m 2,  with  a crown  of  from  seventeen  to 
twenty  plates,  measures  between  nine  and  ten  inches  in  length, 
and  about  three  inches  and  a half  in  breadth.  It  begins  to  ap{>ear 
above  the  gum  about  the  twen- 
tieth year:  its  duration  has  not 
been  ascertained  by  observation. 

The  sixth  molar  is  the  last,  and 
has  from  twenty-two  to  twenty- 
seven  plates;  its  length,  or  an- 
tcro-posterior  extent,  following 
the  curvature,  is  from  twelve  to 
fifteen  inches  : the  breadth  of  the 
grinding  surface  rarely  exceeds  three  inches  and  a half.' 

The  molar  teeth  succeed  each  other  from  behind  forward, 
moving  in  the  arc  of  a circle,  shown  by  the  curved  line  in  fig. 
289.  The  position  of  the  growing  tooth  in  the  closed  alveolus, 
m 2,  is  almost  at  right  angles  with  that  in  use,  the  grinding 
surface  being  at  first  directed  backward  in  the  upper  jaw,  forward 
in  the  lower  jaw,  and  brought,  by  the  revolving  course,  into  a 
horizontal  line  in  both  jaws,  so  that  they  oppose  each  other, 
when  developed  for  use.  The  imaginary  pivot  on  which  the 
grinders  revolve  is  next  their  root  in  the  upper  jaw,  and  is  next 
the  grinding  surface  in  the  lower  jaw ; in  both,  towards  the 
frontal  surface  of  the  skull.  Viewing  both  upper  and  lower 
molars  as  one  complex  whole,  subject  to  tbe  same  revolving  move- 
ment, the  section  dividing  such  whole  into  upper  and  lower  por- 
tion runs  parallel  to  the  curve  described  by  that  movement,  the 
upper  being  the  central  portion,  or  that  nearest  the  pivot,  the 
lower,  the  peripheral  portion  : the  grinding  surface  of  the  upper 
molars  is  consequently  convex  from  behind  forward,  and  that  of 
the  lower  molars  concave : the  upper  molars  are  always  broader 
than  the  lower  ones. 

The  bony  plate  forming  the  sockets  of  the  growing  teeth  is 
more  than  usually  distinct  from  the  body  of  the  maxillary,  and 


' In  my  ‘ Odontography ' I was  led  to  conjecture  that  * this  molar,  if  it  makes  its 
appearance  abont  the  fiftieth  year,  would,  from  its  superior  depth  and  length,  continue 
to  do  tbe  work  of  mastication  until  the  ponderous  Pachyderm  had  passed  the  cen- 
tury of  its  existence  : ’ but  I would  now  merely  suggest,  to  all  who  may  have  the 
opportunity,  the  desirability  of  making  and  recording  observations  supplementary  to 
those  in  the  text  mo.le  on  captive  Asiatic  elephants  in  European  menageries. 
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participate.?  in  this  revolving  course,  advancing  forward  with  the 
teeth.  Tlie  partition  between  the  tooth  in  use  and  its  successor 
is  perforated  near  tlie  middle ; and,  in  its  progress  forward,  that 
part  next  the  grinding  surface  is  first  absorbed ; the  rest  disap- 
pearing with  the  absorption  of  the  roots  of  the  preceding  grinder. 

There  are  few  examples  of  organs  that  manifest  a more  striking 
adaptation  of  a complex  structure  to  the  exigencies  of  the  animal 
endowed  with  it,  than  the  grinding  teeth  of  the  elephant.  We 
perceive,  for  example,  that  the  jaw  Ls  not  encumbered  with  the 
whole  weight  of  the  massive  tooth  at  once,  hut  that  it  is  formed 
by  degrees  as  it  is  reejuired  ; the  division  of  the  crown  into  a 
number  of  successive  plates,  and  the  subdivision  of  these  into 
cylindrical  processes,  presenting  the  conditions  most  favourable 
to  progressive  formation.  The  hire  and  most  abraded  part  of  the 
tooth  is  fitted  for  the  first  coarse  crushing  of  the  branches  of  a 
tree : the  transverse  enamel  ridges  of  the  succeeding  part  of  the 
tooth  di^^de  it  into  smaller  fragments,  and  the  posterior  islands 
and  tubercles  of  enamel  jxnind  it  to  the  pulp  fit  for  deglutition. 
The  structure  and  progressive  development  of  the  tooth  not  only 
give  to  the  elephant’s  grinder  the  advantage  of  the  uneven  sur- 
face which  adapts  the  millstone  for  its  office,  but,  at  the  same 
time,  secure  the  constant  presence  of  the  most  efficient  arrange- 
ment for  the  finer  comminution  of  the  food,  at  the  part  of  the 
mouth  which  is  nearest  the  fauces. 

The  central  part  of  the  tu.sk  especially  near  the  base  of  such 
iis  have  reached  their  full  size,  is  occupied  by  a slender  cylindrical 
tract  of  modified  ivory,  perforated  by  a few  vascular  canals,  which 
is  continued  to  the  apex  of  the  tusk.  It  is  not  uncommon  to  find 
processes  of  osteo-<lentine  or  imj)erfect  bone-like  ivory,  projecting 
in  a stalactitic  form  into  the  interior  of  the  pulj)-cavity,  apparently 
the  consequence  of  the  partial  inflammation  of  the  vascular  pulp. 

The  musket-balls  and  other  foreign  biKlies  which  are  occasion- 
ally found  in  ivory,  arc  immediately  surrounded  by  osteo-<lentine 
in  greater  or  le.ss  quantity.  It  has  often  been  a matter  of  wonder 
how  such  bodies  should  become  completely  imbedded  in  the  sub- 
stance of  the  tusk,  sometimes  without  any  visible  aperture,  or  bow 
leaden  bullets  may  have  become  lodged  in  the  solid  centre  of  a 
very  large  tusk  without  having  been  flattened.  The  explanation 
is  as  follows  : — A musket-ball,  aimed  at  the  head  of  an  elephant, 
may  penetrate,  at  n,  fig.  289,  the  thin  bony  socket  and  the  thinner 
ivory  parictes  of  the  wide  conical  puljKcavity  occupying  the  in- 
serteil  base  of  the  tusk  ; if  the  jirojectilc  force  be  there  spent, 
the  ball  will  gravitate  to  the  opjwsitc  and  lower  side  of  the  pulp- 
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cavity,  as  iiulicateil  in  fig.  289,  l>.  Tlic  hole  a is  soon  lienleil  and 
filled  up  by  ossification  of  the  periostcuni  of  the  socket,  and  of 
the  pulp  next  the  thin  wall  of  ivory  which  has  been  perforateil. 
The  ball  sinks  below  the  level  of  this  cicatrix,  and  the  j)rescnce  of 
the  foreign  Ixnly  e.xciting  inflainmatiun  of  the  pulp,  an  irregular 
course  of  calcification  ensues,  which  results  in  the  deposition 
around  the  ball  of  a certain  thickness  of  osteo-dentine.  The  pulp 
then  resuming  its  healthy  function,  coats  the  surface  of  the  osteo- 
dentine  inclosing  the  hall,  together  with  the  rest  of  the  conical 
cavity  into  which  that  mass  projects,  with  layers  of  normal  ivory. 

By  the  continued  progress  of  growth,  the  hall  so  inclosed  is 
carried  forward,  in  the  course  indicated  by  the  arrow  in  fig.  289, 
to  the  middle  of  the  solidified  exserted  part  of  the  tusk,  c.  Should 
the  hall  have  penetrated  the  base  of  the  tusk  of  a young  elephant, 
it  may  be  carried  on,  by  the  uninterrupted  growth  and  wear  of 
the  tusk,  until  that  base  has  become  the  apex,  and  be  finally  cx- 
|K»ed  and  discharged  by  the  continual  abrasion  to  which  the  apex 
of  the  tusk  is  subjected. 

Yet  none  of  these  phenomena  prove  the  absolute  non  vascularity 
of  the  tusk,  but  only  the  low  degree  of  its  vascularity.  BIockI 
circulates,  slowly  no  doubt,  through  the  prolongations  of  the  pulp 
into  the  minute  vascular  canals  which  are  continued  through  the 
centre  of  the  ivory  to  the  very  apex  of  the  tusk  : and  it  is  from 
this  source  that  the  fine  tubular  structure  of  the  ivory  obtains  the 
correspondingly  minute  villi  ciirrying  the  plasmatic  colourless 
fluid  by  which  its  low  vitality  is  maintained.' 

The  modification  of  dentine  calletl  ‘ ivory,’  is  characterised 
partly  by  the  minute  size  of  the  tubes,  which,  at  their  origin  from 
the  pulj)  cavity,  do  not  exceed  diameter,  in 

their  close  arrangement  at  intervals  scarcely  exceeding  the  breadth 
of  a single  tube,  and,  above  all,  on  their  strong  and  almost  angular 
gyrations,  which  are  much  greater  than  the  secondarj'  curvatures 
of  the  tubes  of  ordinary  dentine. 

The  dentinal  tubes  of  ivory,  as  they  radiate  from  the  pulp-cavity, 
incline  obliquely  towards  the  pointed  end  of  the  tusk,  and  de- 

' I bad  tlio  lusk  and  pulp  of  an  elephant  at  the  Zoological  Onrdciis  longitudinally 
ilivided,  soon  after  the  death  of  that  animAl  in  the  snmmcr  of  1847.  Although  the 
pulp  could  be  easily  detached  from  the  inner  surface  of  the  pulp«cavity,  it  was  not 
without  a certain  resistance ; and  when  the  edges  of  a co>adnpted  pulp  and  t«x>tli  were 
examined  by  a strong  lens,  the  filamentary  processes  from  the  outer  surface  of  the  pulp 
could  bo  seen  stretching  as  they  were  withdrawn  from  the  dentinal  tubes  before  they 
broke.  They  are  so  minute  that,  to  the  naked  eye,  the  detached  surface  of  the  pulp 
Svcms  to  be  entire,  and  Cuvier  was  thus  deceived  in  concluding  that  there  was  no  or- 
jgaiiic  connection  between  the  pulp  and  the  ivory.  cxx.\ix.  Ed.  1834,  tom.  i,  p.  535. 
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scribe  two  slight  primary  curves,  the  first  convex  towards  that 
end,  the  second  and  shorter  one  concave : these  curves  in  narrow 
sections  from  near  the  open  base  of  the  tusk  are  almost  obscured 
by  the  strong  angular  parallel  secondary  gyrations.  The  tubes 
divide  dichotoraously,  at  acute  angles,  and  gradually  decrease  in 
size  as  they  approach  the  periphery  of  the  tusk. 

The  characteristie  appearance  of  decussating  curved  striie,  with 
oblique  rhomboidal  spaces,  so  conspicuous  on  transverse  sections 
or  fractures  of  ivory,  is  due  to  the  refraction  of  light  caused  by 
the  parallel  secondary  gyrations  of  the  tubes  above  described. 
The  strong  contour  lines  observed  in  longitudinal  sections  of 
ivory,  parallel  wth  the  cone  of  the  pulp-cavity,  and  which  are 
circular  and  concentric  when  viewed  in  transverse  slices  of  the 
tusk,  are  commonly  caused  by  strata  of  minute  opaque  cellules, 
which  are  unusually  numerous  in  the  interspaces  of  the  tubes 
throughout  the  substance  of  the  ivory,  and  by  their  very  great 
abundance  and  larger  size  in  the  peripheral  layers  of  cement. 
The  deconqwsition  of  the  fossil  tusks  into  superimposed  conical 
layers  takes  place  along  the  strata  of  the  opaque  cellules,  and 
directly  across  the  course  of  the  gyrating  dentinal  tubes. 

By  the  minuteness  and  close  arrangement  of  the  tubes,  and 
esjiccially  by  their  strongly  undulating  secondary  curves,  a 
tougher  and  more  elastic  tissue  is  producetl  than  results  from 
their  disposition  in  ordinary  dentine  ; and  the  modification  which 
distinguishes  ‘ ivory  ’ is  doubtless  essential  to  the  due  degree  of 
coherence  of  so  large  a mass  as  the  elephant’s  tusk,  projecting  st> 
far  from  the  supporting  socket ; and  to  be  frequently  applied  in 
dealing  hard  blows  and  thrusts. 

§ 222.  Homologies  of  Teeth.  — In  Histology  tissues  differ 
according  to  the  kinds  and  degrees  of  force  which  they  exercise 
in  the  living  body : some,  the  nervous  and  muscular,  e.g.  are 
‘ active;  ’ others,  with  lower  endowments  of  elasticity,  adhesiveness, 
hardness,  &c.,  may  be  called  ‘ passive,’  and  the  classes  of  these 
tissues  are  less  definite  and  distinct.  In  considering  the  homo- 
lofty  of  a tooth,  in  reference  to  its  class  of  tissue,  our  view  of  it 
must  not  be  restricted  to  its  ordinary  conditions  in  mammalia, 
where  a central  pul]>-canal  radiates  a single  system  »>f  dentinal 
tubes  like  the  laciinal  tubes  from  a Haversian  canal,  but  should 
be  extended  to  those  less  specialised  states  of  tooth  in  which  the 
body  of  dentine  is  traversed  by  several  puli>-canals,  either  di- 
chotomising, as  in  the  molar  of  Orgeteropus,  vol.  i.  p.  369,  fig. 
247,  or  ramifying  throughout  the  dentine,  as  in  the  laniariform 
tooth  Lnmuu  (vol.  i.  p.  364,  fig.  241). 
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A vascular  matrix  buds  out  in  the  shark  from  the  membrane 
covering  the  jaw,  as  in  the  deer  from  tliat  covering  the  cranium, 
and  the  blood-vessels,  ramifying  through  such  matrix,  convey  the 
pliosphate  of  lime  which  hardens  it ; each  ultimate  ramification 
that  radiates  a system  of  dentinal  tubes  in  the  shark’s  tooth,  cor- 
responds with  the  same  ramification  of  the  artery  radiating  lacunal 
tubes  in  the  matrix  of  the  deer’s  antler. 

After  the  tooth  of  the  shark  has  been  worn  by  the  uses  for 
which  it  was  calcified,  it  is  shed  like  the  antler,  and  is  succeeded 
by  another.  There  is  merely  a difference  in  the  place  of  suc- 
cession, the  new  tooth  rising  close  to,  but  nut,  as  in  the  antler, 
directly  under,  the  base  of  the  old. 

But  the  basis  from  which  the  matrix  of  both  tooth  and  antler 
grows  is  homologically  the  same.  In  both  instances  the  gum,  or 
curium,  is  pushed  out  by  the  growing  matrix : in  the  deer  it  forms 
the  ‘ velvet  ’ which  peels  away  from  the  ossified  matrix,  in  the  shark 
it  is  hardened  into  the  enamel-like  layer  covering  the  matrix. 

These  are  the  differences  that  can  be  predicated  in  reference  to 
the  histological  homology  of  the  parts  in  question,  and  the  shark’s 
tooth  answers  to  the  deer’s  antler,  plus  the  outer  enamel-like 
covering,  in  mode  of  development,  structure,  growth,  shedding,  and 
succession.  They  correspond,  alike,  with  osseous  texture ; and, 
under  a less  genus,  with  the  parts  of  the  dermo-skeleton. 

But  the  tooth  of  a shark  is  homologous  with  that  of  a porpoise ; 
therefore,  teeth  are  referable  to  the  dermo-  or  entero-skeletal 
]>arts  of  the  osseous  system. 

Descending  to  the  sjiecial  homologies,  we  find  that  the  idea 
of  a recognition  of  answerable  teeth  in  different  animals  has 
prevailed,  more  or  less  vaguely,  in  Anatomy,  from  an  early  period 
of  the  science. 

When  ‘ incisors,’  ‘ canines,’  and  ‘ molars  ’ were  predicated  of 
the  dentition  in  different  species,  homologous  teeth  were  re- 
cf^nised  so  far  as  the  characters  of  those  classes  of  teeth  were 
defined  and  understood. 

The  Cuviers ' went  a step  further,  and  distinguished  the  nndur 
teeth  into  ‘false’  and  ‘ true,’  into  ‘ caniassial’  and  ‘ tubercular.’  I)e 
Blainville  (winted  out  a particular  tooth  by  the  name  of  ‘ principal,’ 
which  he  believed  himself  able  to  trace  from  species  to  species.* 

The  first  step  in  this  inquiry  is  the  elimination  of  those  classes 
of  Vertebrata  and  orders  of  Mammalia  in  which  homology  cannot 
be  predicated  of  individual  teeth.  This  limits  the  work  to  the 
group  of  mammals  here  termed  ‘ Diphyodonts.’ 

* cxx\  and  cxxi".  * The  line*  Blttinville*  runs  through  thnt  tooth  in  fig.  *-293. 
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Only  ill  the  Mammalian  orders  with  two  sets  of  teeth  do  those 
organs  acquire  fixed  individual  characters,  su|)|)orting  the  ajipli- 
cation  of  sjiecial  denominations ; and  this  individualisation  of  the 
teeth  is  significative  of  the  high  grade  of  organisation  of  the 
animals  manifesting  it 

Originally,  indeed,  the  name  ‘ incisors,’  ‘ laniaries  ’ or  ‘ canines,’ 
‘ jjiolars,’  ‘ tuherculars,’  were  given  to  the  teeth  in  Man  and 
certain  Mammals,  as  in  Reptiles,  in  reference  merely  to  the  shape 
and  offices  so  indicated ; hut  names  of  teeth  can  now  be  used  as 
arbitrary  signs,  in  a more  fixed  and  determinate  sense.  In  some 
Canih'ora,e.g.,  the  front  teeth  have  tuberculate  summits,  adapted 
for  nipping  and  bruising,  while  the  principal  back  teeth  are 
shaped  for  cutting,  and  work  ujion  each  other  like  the  blades 
of  scissors.  The  front  teeth  in  the  Elephant  project  from  the 
upper  jaw  in  the  form,  size,  and  direction  of  long  pointed  horns. 
In  short,  shape  and  size  are  the  least  con.stant  of  dental  cha- 
racters ; and  the  homologous  teeth  are  determined,  like  other 
parts,  by  their  relative  position,  by  their  connections,  and  by  their 
develojnnent. 

Those  teeth  which  are  imjdantetl  in  the  premaxillary  bones, 
and  in  the  corresponding  part  of  the  lower  jaw,  are  called  ‘ in- 
cisors,’ whatever  be  their  shape  or  size.  The  tooth  in  the 
maxillary  bone,  which  is  situated  at,  or  near  to,  the  suture  with 
the  premaxillary,  is  the  ‘ canine,’  as  is  also  that  tooth  in  the  lower 
jaw  which,  in  oj)|M)sing  it,  passes  in  front  of  its  crown  when  the 
mouth  is  closed.  The  other  teeth  of  the  first  set  arc  the  ‘ de- 
ciduous molars ; ’ the  teeth  which  disjilace  and  succeed  them  ver- 
tically are  the  ‘ premolars ; ’ the  more  po.sterior  teeth,  which  are 
not  displaced  by  vertical  successors,  are  the  ‘ molars,’  properly  so 
called. 

The  premolars  must  displace  deciduous  molars  in  onler  to  rise 
into  place  ; the  molars  are  a continuation,  backward,  of  the  pri- 
mary or  ‘ milk’  series.  It  will  he  observed  in  fig.  21)4  that  the 
last  deciduous  molar,  tl  4,  has  the  same  relative  superiority  of 
size  to  rf  3 and  tl  i which  m 3 hears  to  m -2  and  m i ; and  that  the 
crowns  t>f  p 3 and  p 4 are  of  a more  simple  form  than  those  of  the 
milk-teeth  which  they  arc  to  succeed:  this,  however,  is  not  a 
constant  character  (see  fig.  287,  Ilyrar).  Teeth  of  each  of  the 
kinds  arbitrarily  termed  ‘ incisors,’  ‘ canines,’  ‘ false  nudars,’  and 
‘ molars,’  have  received  other  s|»ecial  names,  having  reference  to 
certain  ]H>culiarities  of  form  or  other  jwoperty.  The  premolars 
in  the  human  subject  have  been  called  ‘ bicuspids.’  The  last 
upper  premolar  and  the  first  true  molar  in  the  Carnivora  are 
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termed  ‘ scctorials,’  or  ‘ molaircti  camas-^ieres.’  Teetli  (»f  an 
elonfratcil  conical  form,  projecting  considerably  beyond  the  rest, 
and  of  uninterrupted  growth,  are  called  ‘ tusks ; ’ such,  for  example, 
are  the  incisors  of  the  elephant,  nam'hal,  dinotherium,  and 
dugong,  the  canines  of  the  lx>ar,  walrus,  and  hip|>o|K>tanius.  The 
long  and  large  incisors  of  the  rodents  have  been  termetl,  from 
the  sha]>e  and  structure  of  their  cutting  eilge,  scalpriform  teeth, 
chisel  teeth,  ‘ dentes  scalprarii.’  The  lower  incisors  of  the  colugos 
( Galrojiithecus),  with  the  crown  dccj)ly  notched  like  a comb,  are 
termed  ‘ dentes  pectinati.’  The  canines  of  the  baboons,  which 
are  decplj'  grooved  in  front  like  the  poison-fangs  of  S4>me  snakes, 
are  ‘ dentes  canaliculati.’  The  compressed  crowns  of  the  teeth  of 
short-clawed  seals  {Stnwrhynrhiis)  and  of  the  extinct  Zniglodon, 
l>eing  divided  into  j»oint.s  like  a saw,  are  ‘ dentes  serrati,’  &c.  But 
a true  knowle<lgc  of  nature,  a right  appreciation  of  what  is 
essential  in  her  phenomena,  tends  to  ex]do<lc  needless  terms  of 
art  invented  for  unim|>ortant  varieties,  and  to  establish  those 
names  that  are  the  signs  of  true  species  of  things. 

.\s  most  zoologists  have  adopted  the  Ciivierian  system  of 
nomenclature  and  homology  of  the  teeth  in  Mammalia,  it  mav 
not  be  superfluous  to  explain  what  is  objectionable  in  that 
system.  In  it  the  molar  series  of  teeth,  or  those  that  follow  the 
canines,  are  divided,  acconling  to  their  form,  into  three  kinds, 
‘false  molars,’  ‘ camassials,’  and  ‘tubercular  molars,’  and  the 
generic  dental  characters  of  the  -Mammalia  are  formulised  a<‘- 
cording  to  this  system.  Thus,  the  genus  Fdi*  has — ‘ fausses 
raolaircs’  ‘ camassieres  ’ ‘ tuberculeuses  ’ J;  J = |.  This 

seems  a natural  way  of  expressing  the  homotypal  teeth,  or  the 
answerable  teeth  in  the  upjier  and  lower  jaws.  But  to  illustrate 
its  error,  the  subjoined  diagram,  fig.  293,  is  ajipended,  in  which 
the  dental  system  of  the  Cat-tribe  {Frits  v.)  is  associated  with 
that  of  other  Mammals,  and  in  which  the  line  marked  ‘ Curler  ’ 
intersects  the  teeth  in  each  jaw,  called  ‘ cama^sieres,’  those 
anterior  to  them  being  the  teeth  called  ‘ fausses  molaires;’  those 
behind — a single  t<K>th  in  the  upper  jaw  of  Fells — being  the 
‘ tuberctdeiises.’  In  this  genus  the  t(K>th,  p 4,  above  chiefly  plays 
iijMm  the  t<K)th,  m i,  below,  which  has  a similar  sectorial  or  car- 
nassial  m<Mlification  of  form ; they  fit,  indeed,  almost  as  Cuvier 
descril)es,  like  the  blades  of  a pair  of  scissors.  The  two  teeth  in 
advance  of  the  carnassial  in  the  upper  jaw,  p 3,  pi,  in  like  manner 
are  opjs>se<l  to  the  same  number  of  ‘ fausses  molaires  ’ in  the 
under  jaw,  and  the  canine,  c,  alwve  plays  ujxm  the  canine  below : 
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all  seems  Htlliijjj  ami  sym- 
metrical, save  that  the  little 
tubercular,  m i, above  has  no 
ojiponent  in  the  lower  jaw. 
And,  perhaps,  the  close  ob- 
server might  notice  that, 
whilst  the  upper  canine,  c, 
glides  behind  its  homotype 
below,  the  first  upper  fal.se 
molar,  //  2,  passes  anterior 
to  the  crown  of  the  first  false 
molar,  p 3,  below ; and  that 
the  second  false  molar,  p 3, 
and  camassial,  p •♦,  of  the 
upper  jaw  are  also  a little 
in  advance  of  those  teeth, 
p 4,  ml,  in  the  under  jaw, 
when  the  mouth  is  shut. 

In  passing  to  the  denti- 
tion of  the  Dog,  ih.  ill. 
Vnnis,  formulised  by  Cu- 
vier as  ‘fausse.«  molaires  J, 
camassicres  f,  tuberculeu- 
scs  it  will  he  ob- 

ser\'ed  that  here  the  first 
upjier  false  molar,  p 1, 
differs  from  the  first,  p 2,  in 
Fell's,  inasmuch  as,  when 
the  mouth  is  shut,  it  pre- 
serves the  same  relative 
jiosition  to  its  opjionent 
below,  pi,  in  III.,  which 
the  upper  canine  does  to  the 
lower  canine,  and  that  the 
same  may  be  said  of  the 
second  and  the  third  false 
molars;  but  that,  with  re- 
gard to  the  camassial  above, 
p 4,  this  t(M)th  repeats  the 
same  relative  position  in 
regard  to  the  fourth  false 
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molar  below,  p 4,  ami  not  to  that  tooth,  m i,  which  Cuvier  rcgardcti 
as  the  lower  homotype  of  the  camas.sial ; ami,  indeed,  the  more 
backward  position  of  the  lower  carnas.sial  is  sf»  slight  that  its 
significance  might  well  he  overlooked,  more  especially  as  the 
two  succeeding  tubercular  teeth  above  were  opposed  to  two 
similar  tuberculars  below. 

How  unimportant  size  and  shape  are,  and  how  significant 
relative  position  is,  in  the  determination  of  the  homologies  of  teeth 
as  of  other  parts,  may  be  learnt  l>efore  quitting  the  natural  order 
of  Carnivora ; e.  g.  by  the  eondition  of  the  dental  system  in  the 
Bear,  ib.  ii.  Ur$ut.  Here  the  lower  tooth,  m i,  instead  of  pre- 
senting the  camas.sial  character,  and  resembling  in  form  the 
upj>er  tof>th,  p 4,  whieh  is  the  homologue  of  the  upper  cama.ssial  in 
the  dog,  has  a tubercular  crown,  and  corresponds  in  size  as  well  as 
sha[)C  with  the  upj>cr  tooth,  m i,  to  which  it  is  almost  wholly  op- 
posed, and  with  the  same  slight  mlvance  of  position  which  we 
observe  in  the  lower  canine  as  compared  with  the  upper  one,  and 
in  the  four  lower  jwemolars,  p p 7,  p p *,  as  comparc<l  with 
their  veritable  homotypes  above.  F.  Cuvier  divides  the  molar 
series  of  the  genus  Ursus  into  ‘ fausses  molaires  ® , camas-sieres 
tuberculeuses  J — The  tendency  in  every  thinker  to  gene- 
ralise and  to  recognise  Nature’s  harmonies,  has  led  him  here  to 
use  the  term  ‘ carna«,«ierc  ’ in  an  arbitrary  sense,  and  to  ajtply  it  to 
a tooth  alwve  (ii. //4),  which  he  owns  has  such  a shape  and 
diminished  size  as  would  have  led  him  to  regard  it  as  merely  a 
false  molar,  but  that  the  upper  carnassial  would  then  have  en- 
tirely disappeared ; and  it  has  also  led  him  to  give  the  name 
‘eamassiere’  to  a U>oth  below,  m i,  which  he,  nevertheless,  de- 
scribes as  having  a tubercular  and  not  a trenchant  crown.  In 
so  natural  a gnuip  as  the  true  Carnivora,  it  was  impossible  to 
overlook  the  homologucs  of  the  trenchant  carnassials  of  the  lion, 
even  when  they  had  become  tubercular  in  the  omnivorous  bear ; 
and  Cuvier,  therefore,  having  determined  and  defined  the  teeth 
so  called  in  the  feline  genus,  felt  compelled  to  distingtiish  them 
by  the  same  names  after  they  had  lost  their  formal  specific  cha- 
racter. And  if,  indeed,  he  ha«l  succeeded  in  discovering  the 
teeth  whieh  were  truly  answerable  or  homotypal  in  the  upper 
and  lower  jaws,  the  term  ‘ carnassial  ’ might  have  been  retained 
as  an  arbitrary  one  for  such  teeth,  and  have  been  applied  to  their 
homologues  in  Man  and  other  diphyodonts,  where  they  are  as 
certainly  determinable  as  in  those  aberrant  Carnivores,  in  whieh 
they  have  equally  lost  their  sectorial  shaj>e. 
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Blit  the  inconvenience  of  names  indicative  of  such  specialties 
of  form  will  be  very  obvious  when  tlic  term  ‘ tiibcrciileiises  ’ 
comes  to  be  applied  to  the  three  hindmost  teeth  in  the  Hi/<pnodmi 
(fig.  266),  which  teeth  answer  to  the  broad  crushing  teeth,  m i, 
m 2,  and  m 8,  in  the  bear  and  some  other  existing  Carnivora. 
The  analogous  term  ‘ molar  ’ having  a less  direct  or  descriptive 
meaning,  is  therefore  so  much  the  better,  as  the  requisite  arbitrary 
name  of  a determinate  species  of  teeth. 

Had  Cuvier  been  guided  in  his  determinations  of  the  teeth  by 
their  mutual  opposition  in  the  closed  mouth,  and  hail  studied 
them  with  this  view  in  the  Carnivora  with  the  dentition  most 
nearly  approaching  to  the  typical  formula,  viz.  the  Bear,  he  could 
then  have  seen  that  the  three  small  and  inconstant  lower  pre- 
molars, ])  p 2,  p 3,  were  the  homotypes  of  the  three  small  and 
similarly  inconstant  premolars  above ; that  the  fourth  false  molar, 
p 4 below,  which,  as  he  observes,  ‘ alone  has  the  normal  form,’* 
was  truly  the  homotype  of  the  tooth  above,  p a,  which  he  found 
himself  compelled  to  reject  from  the  class  of  ‘ fausses  molaires,’ 
notwithstanding  it  presented  their  normal  form  ; that  the  tuber- 
cular tooth,  m 1,  which  he  calls  ‘ camassii^re  ’ in  the  lower  jaw, 
was  the  veritable  homotype  of  his  first  ‘ molaire  tuberculeuse  ’ 
above,  m i,  and  that  the  tooth  in  the  inferior  series,  which 
had  no  answerable  one  above,  vras  his  second  ‘ tuberculeuse,’ 
/«  3,  in  the  present  work.  The  true  second  tubercular  above, 
m 2,  is,  liowcver,  so  much  develojied  in  the  Bear  as  to  op|X)se 
both  m 2 and  m 3 in  the  lower  jaw,  and  it  might  seem  to  include 
the  homotypes  of  lx>th  those  teeth  coalesced.  One  sees  with  an 
interest  such  as  only  these  homological  researches  could  excite, 
that  they  were  distinctly  developed  in  the  ancient  Arnphiepon, 
fig.  267,  which  acconlingly  presents  the  typical  formula. 

Thus  the  study  of  the  relative  jKJsition  of  the  teeth  of  the  Bear 
might  have  led  to  the  recognition  of  their  real  nature  and  homo- 
logies, and  have  helj)ed  to  raise  the  mask  of  the  extreme  fonnal 
modifications,  by  which  they  are  adapted  to  the  habits  of  the 
more  blood-thirsty  Carnivora.  But  the  truth  is  plaiidy  revealed 
when  we  come  to  trace  the  course  of  development  and  succession 
of  these  teeth.  As  the  question  only  concerns  the  molar  serie.s, 
the  remarks  will  be  confined  to  those  teeth.  In  the  jaws  of  the 
young  Bear,  fig.  26.1,  the  first  premolar  is  the  only  one  of  the 
permanent  series  in  jdace ; the  other  grinders  in  use  are  the 
deciduous  molars,  d 2,  d a,  and  d a ; da  will  be  displaced  by  p 2, 
d 3 by  p 3,  and  d 4 by  the  tooth  p 4,  which,  notwithstanding  its 
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size  and  shape,  Cuvier  felt  himself  compelled  to  discard  from  the 
series  of  false  molars,  but  which  we  now  see  is  proved  by  its 
developmental  relations  to  d 4,  as  well  as  by  its  relative  position 
and  similarity  to  p 4 in  the  lower  jaw,  fig.  292,  ii.,  Ursm,  to  be 
veritably  the  last  of  the  premolar  series,  and  to  agree  not  in 
shape  only,  but  in  every  essential  character,  with  the  three  pre- 
ceding teeth  called  by  Cuvier  ‘ fausses  molaires.’  .So,  likewise,  in 
the  lower  jaw,  it  is  seeu  that  the  primitive  deciduous  series,  fig.  263, 
d \,  d 2,  d 3,  and  d 4,  will  be  displaced  by  the  corresponding  pre- 
molars, p 1,  p 2,  p 3,  4 ; and  that  the  tooth  m i,  called  car- 

naasiere  by  Cuvier,  in  the  lower  jaw,  differs  essentially  from  that, 
p 4,  so  called  in  the  upper  jaw,  by  being  developed  without  any 
vertical  predecessor  or  deciduous  tooth. 

The  same  law  of  development  and  succession  prevails  in  the 
genus  Canis  as  may  be  readily  seen  in  the  jaws  of  a dog  of  ten 
months’  age.  Although  the  tooth,  m i,  iii.  fig.  293,  in  the 
lower  jaw  has  exchanged  the  tubercidar  for  the  camassial  form, 
it  is  still  develoj)cd,  as  in  the  Bear,  behind  the  deciduous  series, 
and  independently  of  any  vertical  |>rc«lecessor,  fig.  262,  m i ; .and 
the  tooth,  ib.  p 4,  above,  although  acquiring  a relative  superiority  of 
size  to  its  homologue  in  the  Bear,  and  more  decidedly  a camassial 
fonn,  is  not  the  homotype  of  the  permanent  camassial  below,  but 
of  that  premolar,  p 4,  which  displaces  the  deciduous  camassial, 
d 4.  The  symlx)ls  in  fig.  293,  iii.,  sufficiently  indicate  the  re- 
lations of  the  other  teeth,  and  the  conclusions  that  are  to  be 
drawn  from  them  as  to  their  homologies. 

In  the  genus  Felis,  fig.  260,  the  small  permanent  tubercular 
molar  of  the  upper  jaw,  m 1,  h.is  cut  the  gum  before  d 4 has  been 
shed ; but  though  analogous  in  function,  this  tooth  is  not  homo- 
logous with,  or  the  precedent  tooth  to  m i,  but  precedes  the 
great  caraassially  modified  premolar,  p 4.  In  the  lowcfr  jaw  the 
tooth,  m I,  which  is  functionally  analogous  to  the  cama-ssial 
al)ove,  is  also,  as  in  the  Dog,  the  first  of  the  tnie  molar  series, 
and  the  homotyjM!  of  the  little  tubercular  tfsjth,  m i,  above. 
And  the  homologues  of  the  permanent  teeth,  p 4 and  m i below, 
fig.  293,  V.,  with  those  so  sjmbolised  in  the  Dog,  ib.  ill.,  teach 
us  that  the  teeth  which  are  wanting  in  the  feline,  in  order  to 
equal  the  number  of  thf>se  in  the  canine  dentition,  are  m 2 in 
the  upper  jaw,  m 2 and  m 3 in  the  lower  jaw ; p i in  the  upper 
jaw,  p 1 and  p 2 in  the  lower  jaw  ; thus  illustrating  the  rule,  that, 
when  the  molar  series  falls  short  of  the  typical  number,  it  is  from 
opposite  extremes  of  such  series  that  the  teeth  are  taken,  and  that 
so  much  of  the  series  as  is  retained  b thus  preserved  unbroken. 
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In  the  great  extinct  sabre-toothed  Tiger,  Machairodus,  fig.  293, 
VII.,  tlie  series  is  still  further  reduced  by  the  loss  of  p 2,  in  the 
ujiper  jaw. 

In  the  eoninion  Cat,  the  deciduous  ineisor.s,  d i,  begin  to 
appear  between  two  and  three  weeks  old  ; the  canines,  d c,  next, 
and  then  the  molars,  d tn,  follow,  the  whole  being  in  place 
before  the  sixth  week.  After  the  seventh  month  they  begin 
to  fall  in  the  same  order;  but  the  lower  sectorial  molar,  1, 
and  its  tubercular  homotype  above,  m 1,  appear  before  d 2, 
d 3,  and  d 4 fall.  The  longitudinal  grooves  lu'e  very  faintly 
marked  in  the  deciduous  canines.  The  first  deciduous  molar, 
in  2,  in  the  upper  jaw  Ls  a very  small  and  simple  one-fiinged 
tooth  ; it  is  succeeded  by  the  corresjamding  tooth  of  the  perma- 
nent series,  which  answers  to  the  second  preinolar,  p 2,  of  the 
llyiena  and  Dog.  The  second  deciduous  molar,  m 3,  is  the 
sectorial  tooth ; its  blade  is  trilobate,  but  both  the  anterior  and 
jKisterior  smaller  lobes  are  notched,  and  the  internal  tubercle, 
which  is  relatively  larger  than  in  the  permanent  sectorial,  is 
continued  from  the  base  of  the  middle  lobe,  as  in  the  deciduous 
sectorial  of  the  Dog  and  llyajna;  it  thus  tyiiilies  the  form 
of  the  ujiper  sectorial,  which  is  retained  in  the  permanent  den- 
tition of  several  Viverrine  and  Musteline  species.  The  third  or 
internal  fang  of  the  deciduous  sectorial  is  continued  from  the 
inner  tubercle,  and  is  opjiositc  the  inter.space  of  the  two  outer 
fangs.  The  Musteline  type  is  further  adhered  to  by  the  young 
t'eline  in  the  large  proportional  size  of  its  deciduous  tubercular 
tooth,  d 4.  In  the  lower  jaw,  the  first  milk-molar,  3,  is  suc- 
ceeded by  a tooth,  p 3,  which  an.swers  to  the  third  lower  pre- 
molar in  the  Dog  and  Civet.  The  deciduous  sectorial,  d 4, 
which  is  succeeded  by  the  premolar,  p 4,  answering  to  the  fourth 
in  the  Dog,  has  a smaller  projiortional  anterior  lobe,  and  a 
larger  posterior  talon,  which  is  usually  notched;  thereby  ap- 
jiroaching  the  form  of  the  permanent  lower  sectorial  tooth  in  the 
Miistelida. 

A\’hen  the  premolars  and  the  molars  arc  below  their  typical 
number,  the  absent  teeth,  as  a rule,'  are  mis.sing  from  the  fore- 
part of  the  premolar  scries  and  from  the  back-jiart  of  the  molar 
scries.  The  most  constant  teeth  are  the  fourth  ]>rcniolar  and  the 
first  true  molar ; and  these  being  known  by  their  order  and  mode 
of  development,  the  homologies  of  the  remaining  molars  and  pre- 
molars arc  determined  by  counting  the  molars  from  before  back- 

' In  forno  instances  the  first  premolar  or  first  milk-molar  remains,  of  small  size, 
when  2 ami  f 3 ure  lost. 
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wards,  e.g.  ‘ one,’  ‘ two,’  ‘ three’ ; and  tlie  preinolars  from  behind 
forwards,  ‘ four,’  ‘ three,’  ‘ two,’  ‘ one.’ 

Examples  of  the  typical  diphyodont  dentition  are  exceptions  in 
the  aetual  creation ; but  it  was  the  rule  in  the  earlier  forms  of 
])lacental  Mammalia,  whether  the  teeth  were  modified  for  animal 
or  vegetable  footl. 

Not  only  the  Ilycenodon,  fig.  266,  and  Amphicyon,  fig.  267,  but 
the  Dichmlon,  Anoplotfierium,  Pnlteothrrium,  Cliicrojmtamus,  An- 
thracot/ieriuni,  llynpotamus,  Pltolophus,  //yracothfrium,  and 
many  other  ancient  (eocene  and  miocenc)  tertiary  Mammalian 
genera  presented  the  forty-four  teeth,  in  number  and  kind  ac- 
cording to  that  which  is  here  propoundetl  as  the  typical  or  normal 
dentition  of  the  placental  diphyodonts.  When  the  clue  is  afforded 
to  their  homologies,  it  infallibly  conducts  to  the  true  knowledge 
of  the  nature  both  of  the  teeth  which  arc  reUiinetl,  and  of  those 
which  are  wanting  to  complete  the  typical  number.  Thus  may 
be  deciphered  the  much  modified  dentition  of  the  genus  Pelts ; 
and  the  same  clue  will  guide  to  the  knowledge  of  the  preci.se 
homologies  of  the  teeth  in  our  own  species. 

The  known  limits  of  the  premaxillary  in  Man  leads  to  the  de- 
tennination  of  the  incisors,  which  are  reduced  to  two  on  each  side 
of  Ixith  jaws  ; the  configuous  tooth  shows  by  its  shape  as  well  as 
jKisition  that  it  is  the  canine  ; and  the  characters  of  size  and 
sha|)C  have  also  served  to  divide  the  remaining  five  teeth  in  each 
lateral  .series  into  two  bicuspids  and  three  molars.  In  this  in- 
stance the  secondary  characters  conform  with  the  essential  ones, 
as  exhibited  in  the  dissection  of  the  jaws  of  a child  of  about  six 
years  of  age,  fig.  258.  The  two  incisors  on  each  side,  d i,  arc 
followctl  by  a canine,  c,  and  this  by  three  teeth  having  crowns 
resembling  those  of  the  three  molar  teeth  of  the  adult.  In  fact, 
the  last  of  the  three  is  the  first  of  the  permanent  molars ; it  has 
pushed  through  the  gum,  like  the  two  molars  which  arc  in  ad- 
vance of  it,  without  displacing  any  previous  tooth,  and  the  sub- 
stance of  the  jaw  contains  no  germ  of  any  t(K>th  destined  to 
displace  it ; it  is  therefore,  by  this  character  of  its  development, 
a true  molar,  and  the  germs  of  the  permanent  teeth,  which  are 
expf)sed  in  the  substance  of  the  jaw  between  the  diverging  fangs 
of  the  nu)lai-s,  d 3 and  d 4,  prove  them  to  be  teni])orary,  destined 
to  be  replaced,  and  prove  also  that  the  teeth  about  to  displace 
them  arc  premolars.  According,  therefore,  to  the  rule  previously 
laid  down,  we  count  the  jiermanent  molar  in  place  the  first  of  its 
series,  m i,  and  the  adjoining  prcmolar  ns  the  last  of  its  senes, 
and  conseciuently  the  fourth  of  the  tyincal  dentition,  p 4. 
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AN’  o are  thus  enabled,  witli  the  same  scientific  certainty  as  that 
whereby  we  retiognise  in  tlic  middle  toe  of  our  foot  the  homologue 
of  that  great  digit  which  forms  the  whole  foot,  and  is  encased  by 
the  hoof,  in  the  horse,  to  point  to  p 4,  or  the  second  bicuspi<l  in 
the  njipcr  jaw,  and  to  m i,  or  the  first  molar  in  the  lower  jaw,  of 
Man,  fig.  293,  i.,  as  the  homologucs  of  the  great  carnassial  teeth 
of  the  Lion,  p 4,  m i,  ib.  V.  AVe  also  conclude  that  the  teeth  which 
arc  wanting  in  Man  to  complete  the  typical  molar  series,  are  the 
first  and  second  premolars,  the  homologucs  of  those  marked  p i 
and  p 2 in  the  Lear,  ib.  ii.  The  characteristic  shoiTening  of  the 
maxillary  bones  recpiired  this  diminution  of  the  number  of  their 
teeth,  as  well  as  of  their  size,  and  of  the  canines  more  cs|>ccially ; 
and  the  still  greater  curtailment  of  the  premaxillary  bone  is 
attended  with  a diminished  number  and  an  altered  jiosition  of  the 
incisors. 

The  homologous  teeth  being  thus  determinable,  they  may  be 
severally  signified  by  a symbol  as  well  as  by  a name.  The 
incisors,  e.g.,  are  represented  in  the  present  work  by  their  initial 
letter  /,  and  individually  by  an  added  number,  i \,  i 2,  and  i 3, 
counting  fi-om  the  medial  line  outwards ; the  canines  by  the 
letter  c ; the  premolars  by  the  letter  p;  and  the  molars  by  the 
letter  m ; these  also  being  dift'erentiated  by  added  numerals. 
Thus,  the  number  of  these  teeth,  on  each  side  of  both  jaws,  in 
any  given  species,  Man,  e.g.,  may  be  expressed  by  the  following 
brief  formula : — 


. 2.2 


l.I  2.2 


3.3 


2.2’  " l.l’'2.2’ 


IP-  ; m 

» / II  o » •• 


32 


and  the  homolo"ics  of  the  individual  teeth,  in  relation  to  the 
typical  fonnula,  may  be  signified  by  i i,  J2;  c;  p 3,  /;4;  m i,  iii  2, 
m 3;  the  8U]>prcssed  teeth  being  i 3,  p i,  and  p 2. 

'J'he  soundness  of  the  foregoing  conclusions  as  to  the  nature  of 
the  teeth  absent  in  the  rc<luced  dental  formula  of  Man,  is  exem- 
])lified  by  the  mode  in  which  the  type  is  progressively  resumed  in 
ilesccnding  from  Man  through  the  order  most  nearly  allied  to  our 
own. 

Through  a considerable  part  of  the  Qua<lrumanous  series,  the 
same  number  and  kinds  of  teeth  are  jnx'sent  as  in  Man,  the  first 
deviation  being  the  sexual  disproiKU’tionate  size  of  the  canines 
and  the  concomitant  break  or  ‘di.uitema’  in  the  dentid  series  for 
the  reception  of  their  crowns  when  the  mouth  is  shut.  This  is 
manifested  in  (Jorillas,  ('himpanzees  and  Orangs,  together  with 
the  sexual  dill’erence  in  the  pro|H)rtions  of  the  canine  teeth.  Then 
comes  the  added  j)remolar  in  the  -New  World  Monkeys,  fig.  2J1, 
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]t  2,  and  the  further  additions  in  lower  (luadmpeds,  until  in  the 
Hog  genus  we  see  the  old  primitive  type  of  dijjhyodont  ilentitioii 
resumed  or  retained. 

In  the  genus  Sus,  fig.  293  illustrates  the  phenomena  of  de- 
velopment whieh  distinguish  the  premolars  from  the  molars.  At 
the  stage  exemplified  the  first  premolar,'  p i,  and  the  first  molar, 
m 1,  are  in  plaee  and  use,  together  with  the  three  deeiduous 
molars,  d 2,  ds,  and  d*  ; the  seeond  molar,  in  2,  has  just  begun 
to  eut  the  gum;  p2,p3,  and  p*,  together  with  m3,  are  more  or 
less  incomplete  and  concealed  in  their  closed  alveoli. 

The  premoUu's  displace  deciduous  molars  in  order  to  rise  into 


29i 


DfoiduoUA  uiid  ;<4-rmuiu-nl  U'ctU  Lc>«c«  jaw 


place;  the  molars  have  no  such  relations;  it  will  be  observed, 
that  the  last  deciduous  molar,  d 4,  has  the  same  relative  su]>e- 
riority  of  size  to  d 3 and  d 2 which  m 3 bears  to  m 2 and  m i ; and 
the  crowns  of  p 3 and  p 4 are  of  a more  simple  form  than  those  of 
the  milk-teeth  which  they  are  destined  to  succeed. 

The  prcmolars  have  a more  simple  structure  as  well  as  smaller 
size,  than  the  true  molars,  in  all  Artiodactylcs.  In  the  Ru- 
minants they  repre.sent  only  the  moiety  of  the  true  molars,  or 
one  of  the  two  semi-cylindrical  lobes  of  which  those  teeth  consist, 
with,  at  most,  a rudiment  of  the  second  lobe.  The  Pcrissodactyles 
arc  distinguished  by  tbe  size  and  complexity  of  more  or  less  of 
the  premolars.  In  E<juiis,  p 2,  p 3 and  p 4,  even  exceed  in  size 
m I,  m2  and  m3.  In  Rhinoceros  and  Pulerotkerium  the  propor- 
tions of  the  molars  and  prcmolars  are  reversed ; but  the  struc- 
ture is  the  same.  In  Lophiodon,  Curyphodon  and  Pliolophus  the 
prcmolars  become  more  simplified  as  well  as  diminished,  aj>- 

' If  this  tuuth  htivc  not  displaced  a minute  inilk-mulnr,  it  may  be  reckoned  a >/  I. 
which  is  longer  retained  than  the  rest  of  tho  deciduous  molars ; in  this  degree  the 
tyi>e-dcutitiuu  is  departed  from. 
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proaching  to  a common  Ungulate  ty|>c.  In  tlie  Probof^ridian 
group,  the  oldest  species  indicate  retentions  of  type  unknown 
ill  the  dentition  of  existing  Elephants.  A prcmolar,  fig.  295, 
p 3,  displaces  vertically  the  second  deciduous  grinder,  d 3,  in  some 
Mastodons  : and,  that  the  third  molar  in  the  order  of  apjiearance, 
</4,  is  also  the  last  of  the  deciduous  series,  is  indicated  by  the 
contrasted  superiority  of  size  of  the  tooth,  wi  i,  that  follows.  The 
great  extent  and  activity  of  the  processes  of  dental  development 
rciiuired  for  the  preparation  of  the  large  and  complex  true  molar 
teeth,  would  seem  to  exhaust  the  jniwer  in  Proboscidians,  whieb, 
in  ordinary  Pachydenns,  is  expended  in  developing  the  vertical 
successors  of  the  deciduous  teeth.  In  the  miocene  Mastotlon 
above  cited,  this  normal  exercise  of  the  reproductive  force  was 
not,  however,  wholly  exhausted  ; and  one  preinolar,  fig.  295,  p 3, 
of  more  simple  form  than  its  deciduous  predecessor,  was  de- 
veloped on  each  side  of  both  jaws.  Another  mark  of  adhesion  to 
the  archetype  was  shown  by  the  dcvelojimcnt  of  two  incisors  in 
the  lower  jaw  in  the  young  of  some  Mastodons,  hy  the  retention 

and  development  of  one  of  these  in- 
ferior tusks  in  the  male  of  the  d/iis- 
todonf/iparilrHuof  North  America,  and 
by  the  retention  of  both  in  the  Eu- 
ropean Mastodon  lonpirostris,  Kaiip. 
No  trace  of  these  inferior  homoty|H's 
of  the  premaxillary  tusks  have  been 
defected  in  the  fictus  or  young  of  the 
existing  elephants.  In  the  gigantic the  up|>er  in- 
cLsoi-s  were  suppressed,  and  the  lower  incisors  were  <levelopcd  into 
huge  tusks,  which  curved  down  from  the  symphysis  of  the  massive 
lower  jaw. 

The  chief  modifications  of  the  marsupial  dentition  have  already 
been  described  and  illustrated.  The  observed  phenomena  of  the 
dcvelo]>mcnt  and  change  of  the  teeth  1«1  to  the  generalisation 
that  the  marsu])ial  ditfered  from  the  placental  Diphyodont 
mammals  in  having  four  true  molars,  i.  c.,  m instead  of 
m ■]:■]  ; and  also  that  they  dift'ered  in  having  only  three  j)re- 
molars,  i.  c.  p instead  of  p the  tyj)ical  number  of  the 
grinding  series,  j:’,  being  tbe  same;  and  it  was  convenient  for 
coin|'arison  to  syinlKtlise  tbciii  accordingly,  in  figs.  221-230. 
Since,  however,  there  is  rcn.son  to  conclude  that  m i in  the  jila- 
cental  DiphytKlonts,  as,  e.  g.,  figs.  259  and  294,  is  a continuation 
ot  the  deciduous  scries  of  molai's,  which  might  be  symbolised  as 


1^'CldUOUil 
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d 5,  and  only  becomes  a j)ermanent  molar  because  there  is  no 
premolar  developed  above  it,  so  we  may  rcgani  the  tooth  marked 
m t in  figs.  221-230  as  being  an  antecedent  tooth  of  the  deciduous 
series,  rendered  permanent  by  a like  reason,  the  sui>pression,  viz. 
of  p -I.  In  other  worils,  that  m i in  fig.  227  is  the  homologue  of 
d 4 in  fig.  294,  and  that  the  true  homologue  of  p 4 is  not  deve- 
lojMjtl  in  the  Alarsupialia. 

The  homologies  of  the  teeth  of  the  Kangaroo  are  illu.strated  in 
fig.  296,  according  to  this  idea  of  them ; the  dental  formula  of 
both  the  Macropotlidce  and  Hpp.tiprpmnidce  being — 


3.3 
‘ I.I- 


1.1 

u.o' 


1. 1 

^!.l’ 


,1.1 

''iTi=  ”■ 


.3  3 
3 3 


- 30: 


instead  of — 


.3.3  l.I  1.1 

t ■ c IV  — : 

1.1  0.0  i.r 


4.4 


4.4 


= 30. 


The  canines,  which  arc  confined  to  the  upper  jaw,  are  .small  or 
minute  when  retained ; and  disapjiear  after  being  rejiresentcil  ‘ en 
germe  ’ in  most  of  the  true  Kangaroos. 

r*  O 

In  the  deciduous  dentition  of  the  great  Kangaroo  (^Mneropus 
major)  the  canines  are  rudirnental,  and  are  absorhetl  rather  than 
shed.  No  other  of  the  deciduous  series  is  calcified,  save  the 
molars  d 2 and  d 3,  fig.  296,  unless  the  permanent  incisors  be  de- 
velojted  and  retained  milk-teeth.  When  the  young  animal  finally 
quits  the  jiouch  the  dentition  is — 


the  upper  incisors  being  t i,  the  molars  d 2 and  d 3 of  the  typical 
dentition.  Thi.s  stage  is  exemplified  in  the  lower  jaw  at  x (fig. 
296 ).  The  next  stage  shows  the  acquisition  of  / 2 in  the  upper 
jaw,  and  d 4 in  hoth  jaws,  and  the  formula  is — 

2.2  3.3 

'''i.i-  ‘'"‘3.3“'*’ 

At  one  year  old,  the  dentition  is — 

.3.3  3.3  1.1 

'''r.r  ‘'"'3.3'  ’"1.1“^^’ 

the  additional  teeth  being  1 3 and  m 1 (ib.  c),  in  which  the  demon- 
stration of  the  true  deciduous  character  of  d 2 and  d 3 Ls  shown 
by  the  germ  of  their  vertical  successor  p 3,  which  is  exjH>scd  in 
the  substance  of  the  jaw.  The  next  stage  is  the  shedding  of 
d 2,  and  the  acquisition  of  m 2 (ib.  ii).  Then  </  3 is  shed  by 
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the  ascent  of  p .i  into  its  place  (ih.  e).  Aftcnv.anls  m 3 is  ac- 
quired ; and  in  the  Macroptis  gigax,  p 3,  simultaneously  pushed 
out  (ib.  f). 

Thus,  four  individuals  of  this  species  may  be  found  to  have 
the  same  number  of  molars,  i.  c.  two  of  these  individuals 

may  seem,  on  a cursory  comparison,  to  have  them  of  the  same 
shape,  e.  g.,  as  in  c and  e,  or  as  in  d and  f,  fig.  296.  In  fact,  to 
detennine  the  identity  or  difference  in  such  instances,  it  requires 
that  the  substance  of  the  jaws  be  examined,  to  see  if  the  genus 
of  successional  teeth  are  present,  as  at  p 3,  C and  n,  or  at  tn  3,  e. 
The  result  of  such  examination  may  be  to  show  that  not  one  of 
the  four  Kangaroos  with  the  m i-.i  had  the  same  or  homologous 
teeth. 

The  four  grinders,  e.  g.  may  be — d 2,  d s,  d -t,  m i ; as  in  c ; or 
rf  3,  d 4,  m 1,  wi  2 ; as  in  i) ; or  p 3,  d 4,  m m2;  as  in  E ; or  d 4, 
OT  i,  m 2,  and  m3;  as  in  f. 

The  changes,  however,  do  not  end  here.  As  age  advances, 
</  4 is  shed,  and  the  molar  series  is  reduced  numerically  to  the 
condition  of  B ; but,  instead  of  d 2,  d 3,  and  d 4,  it  consists  of 
m I,  m 2,  m 3. 

Finally,  m i is  shed,  and  the  dentition  is  reduced  to  the  same 
numerical  state  as  at  a ; the  teeth,  however,  being  m 2 and  m 3. 

Tbe  symbols  used,  it  is  ho]>e<l,  are  so  plain  and  simple  as  to 
have  formed  no  obstacle  to  the  full  and  easy  comprehension  of 
the  facts  explained  by  means  of  them.  If  these  facts,  in  the 
manifold  diversities  of  Mammalian  dentition,  were  to  be  de- 
scribed in  the  ordinary  way,  by  verbal  definitions,  e.  g.,  ‘ the 
second  deciduous  molar  representing  the  third  in  the  typical 
dentition,’  instead  of  d 3,  and  so  on,  the  description  of  dental 
development  would  continue  to  occupy  much  unnecessary  space, 
and  would  levy  such  a tax  upon  the  attention  and  memory  as 
must  tend  to  enfeeble  the  judgment  and  impair  the  power  of 
seizing  and  appreciating  the  results  of  the  comparison. 

Each  year’s  experience  has  strengthened  the  writer's  convic- 
tion that  the  rapid  and  successful  progress  of  the  knowledge  of 
animal  structures,  and  of  the  generalisations  deducible  therefrom, 
will  be  mainly  influenced  by  tbe  determination  of  the  homologv 
of  parts  and  organs,  and  by  the  concomitant  jx)wer  of  condensing 
the  propositions  relating  to  them,  and  of  attaching  to  them  signs 
or  symbols  ecjuivaicnt  to  their  single  substantive  names.  In  the 
writer’s  Works,  CXI.,  CXI.I,  CXLiv,  he  has  denoted  most  of  the 
Ijones  by  simple  numerals.  The  symbols  of  the  teeth  are  fewer 
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there  is  a crico-pharyngeus,  arising  from  the  posterior  and  inferior 
margin  of  the  cricoid  cartilage,  whence  its  fibres  extend  obliquely 
upwards  along  the  sides  of  the  pharynx.  The  homologue  of  the 
stylo-phargngeus  is  a cylindrical  muscle,  arising  from  the  stylo- 
hyal,  and,  running  from  behind  forward  upon  the  sides  and  upper 
part  of  the  pharynx,  mixing  its  fibres  with  those  of  the  superior 
constrictor:  its  action  is  to  raise  the  commencement  of  the 
pharyngeal  sac,  which  it  at  the  same  time  dilates  and  draws  back- 
ward. There  is  likewise  a small  muscle  derived  from  the 
middle  part  of  the  stylo-hyal,  the  fibres  of  which  run  backward 
and  inward,  so  as  to  meet  those  of  the  muscle  last  mentioned. 
Lastly,  there  are  two  other  muscles,  the  fibres  of  which  take  a 
longitudinal  direction.  One  of  these,  the  pharyngeus  proprius, 
arises  from  the  tendinous  middle  line  that  extends  from  below 
the  insertion  of  the  stylo-pharyngei,  and  is  prolonged  downward 
along  the  posterior  and  lateral  walls  of  the  oesophagus:  the 
other,  the  aryteno-pharyngeut,  is  a small  muscular  band  proceed- 
ing from  the  back  part  of  each  arytenoid  cartilage,  and  running 
down  the  front  of  the  oesophagus  towards  the  stomach. 

The  mouth  of  the  Hog-tribe  is  served  by  the  uprooting  modi- 
fication of  the  upper  lip  and  nose,  forming  the  ‘ snout.’  The 
paLate  is  ridged.  In  the  Babyroussa  Vrolik'  found  a small  pouch 
at  the  back  j>art  of  the  commencement  of  the  oesophagus : a pair 
of  air-sacs  continued  from  the  posterior  nostrils  communicate 
with  the  hack  part  of  the  pharynx. 

The  mouth  of  the  Biiminants  is  chiefly  re- 
m.arkable  for  the  callous  pad  covering  the 
edentulous  borders  of  the  premaxillaries,  and 
for  the  number  of  hard,  commonly  retroverted 
pajnllae,  developed  from  extensive  tracts  of  the 
buccal  membrane : those  on  the  inside  of  the 
lower  lip  are  large  and  pointed  ; inter8pcrsc<l 
with  groups  of  mucous  follicles.  Along  the 
roof  of  the  mouth  they  are  flattened,  and  dis- 
posed hi  parallel  transverse  rows  with  retro- 
verted denticulate  margins:  the  papillic  usually 
attain  their  greatest  size  inside  the  cheeks, 
opposite  the  masticating  line  of  the  molars. 
In  the  Camel  they  are  aggregated  and  ob- 
tuse, fig.  301.  In  the  Giraffe  they  are  close- 
set,  strong,  retroverted,  pointed,  some  of  them  half-an-inch  in 
length,  and  giving  off  secondary  papillic.  In  the  act  of  rumi- 

’ CUV.  p.  31,  pi.  iii. 


301 


Barra  I papillic  of  Ujc  Bartrlan 
C'ruucl. 
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nation  the  regurgitated  bolus  is  driven  into  the  mouth  with 
great  force ; and  the  use  of  these  papilla:  as  mechanical  obsta- 
cles to  its  escape,  and  their  tendency  to  confine  the  soft  slimy 
comminuted  vegetable  substances  to  the  molar  region  during  the 
second  mastication,  appear  to  be  offices  of  sufficient  importance  to 
found  upon  their  presence  an  argument  of  adaptation.  Neither 
the  Ilog  nor  the  Horse  have  such  buccal  papilla; ; but  the  front 
part  of  the  mouth  Is  closed  by  teeth  both  above  and  below,  and 
the  food  is  not  regurgitated  for  the  purpose  of  undergoing  a 
lengthened  remastication. 

The  mouth  of  the  Camel  seems  formed  to  save  for  the  animal 
every  drop  of  the  fluid  excretions  of  the  nose:  a channel  leads 
from  each  nostril  to  the  mid-fissure  dividing  the  upper  lip,  which 
is  continued  down  into  the  mouth.  In  the  non-division  and  ex- 
tensibility of  the  hair-clad  upper  lip,  the  Giraffe  resembles  the 
Elk,  but  differs  widely  from  that  and  every  other  ruminant  in  the 
elegant  tapering  form  of  the  muzzle. 

The  Giraffe  jxisscsses  great  extensibility,  flexibility,  and  ex- 
traordinary command  and  power  over  the  movements  of  its 
tongue,  fig.  144  ; its  muscles  are  in  number  and  kind  as  in  other 
Ruminants.  The  principal  difference  obtains  in  the  greater  ex- 
tent of  the  organ,  anterior  to  the  insertion  of  iha genio-glossus ; and 
as  this  free  and  active  part  consists  entirely  of  a firm  muscular 
tissue,  invested  by  a thin  but  dense  and  very  closely  adhering 
integument,  there  is  a corresponding  increase  in  the  bulk  of  the 
intrinsic  as  compared  with  those  of  the  extrinsic  muscles.  Of 
these  the  stylo-glossi,  which  are  the  principal  retractors  of  the 
free  anterior  j>art  of  the  tongue,  are  relatively  stronger  than  in 
other  Ruminants ; they  arise  by  a tendon  from  near  the  lower 
extremity  of  the  stylo-hyal,  and  run  forwai-d,  below  the  lateral 
margins  of  the  tongue,  to  which  they  are  braced  by  a thin  sheet 
of  fibres,  descending  obliquely  forward  from  the  sides  of  the 
linynales  to  the  upper  margin  of  the  stylo-glossi.  The  lingualts 
inferior  is  a broad  thin  sheet  of  muscular  fibres  which  comes  off 
from  the  condensed  cellular  tissue  at  the  under  part  of  the  root 
of  the  tongue  and  runs  forward  parallel  with  the  fibres  of  the 
sfi/lo-glossi,  with  which  it  becomes  blended  anterior  to  the  figo- 
glossi ; these  accessory  fibres  cross  the  inner  surface  of  the  hgo- 
ghsxus  muscle,  which  is  thus  inclosed  between  the  two  layers  of 
longitudinal  retractors.  The  arteries  and  veins  of  the  tongue  of 
the  Giraffe  are  not  connected  with  a reservoir  of  blood,  or  with 
any  erectile  tissue,  as  has  been  alleged.'  The  movements  of  the 
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tongue  arc  clue  to  muscular  action.  Any  physiologist  who  has 
felt  the  firm  but  regulated  grasp  of  the  tongue  of  the  Girafie, 
when  twined  round  the  finger,  must  have  recognised  the  difference 
of  the  action  from  the  fitful  force  arising  from  vascular  or  erectile 
injection.  The  muscular  fibres  in  the  free  and  flexible  part  of  the 
tongue  present  an  arrangement  adequate  to  all  its  movements. 
The  stylo-glossi  and  inferior  Unguales  expand  into  a layer  of 
longitudinal  fibres,  about  a line  in  thickness,  covering  the  whole 
of  the  inferior  surface  of  the  free  portion  of  the  tongue,  and 
becoming  continuous  at  the  sides,  with  a corresponding  but 
thicker  stnitum  of  longitudinal  fibres  on  the  upper  surface  of  the 
tongue ; these  longitudinal  muscles  inclose  a mass  of  fibres, 
which  run  in  the  transverse  direction.  The  action  of  the  trans- 
verse, combined  with  that  of  several  short  vertical,  fibres  near  the 
margins,  and  of  those  forming  the  thin  circular  stratum  sur- 
rounding the  stj/lo-glossi  at  the  middle  part  of  the  tongue,  serves 
to  attenuate  or  diminish  the  transverse  diameter  of  the  tongue 
and  increase  its  length ; while  thus  rigidly  extended  the  aj>ex  of 
the  tongue  can  be  curved  upward  or  downward  by  the  sui)crficial 
longitudinal  fibres,  which  are  less  intermingled  with  the  trans- 
verse fibres  tban  in  the  tongues  of  most  other  Mammals : the 
contraction  of  the  longitudinal  fibres  taking  place  with  the  re- 
laxation of  the  transverse  ones  produces  the  retraction  of  the 
whole  organ.  The  nerves  of  the  tongue  present  the  same  dis- 
jiosition  as  those  in  ordinary  lliiminants,  but  the  ninth  pair  is 
relatively  larger  than  the  branch  from  the  fifth  pair;  the  nerve 
which  runs  along  the  inner  or  under  surface  of  the  xtglo-glossi 
toward  the  free  extremity  of  the  tongue  is  remarkable  for  its 
beautifully  wavy  course,  by  which  it  is  .accommodated  to  the 
variations  which  occur  in  the  length  of  the  organ  in  the  living 
animal. 

The  back  of  the  mouth  appears  to  be  as  completely  closed  in 
the  Giraffe  as  in  the  Capybara;  but,  instead  of  contracting,  like 
a funnel,  to  a small  circul.ar  depression,  it  terminates  by  a 
tr.ansverse  slit,  through  which  projects  the  l>road  upj)cr  margin  of 
the  epiglottis,  which  is  folded  upon  itself.  The  faucial  membrane 
is  coarsely  corrugated.'  The  velum  palati  descends  to  the  inter- 
space between  the  ejnglottis  and  the  large  arytenoid  cartil.ages ; 
and  there  is  an  uvular  process  from  the  middle  of  the  inferior 
luivrgin.  The  tonsils  are  well-developed  glands  of  a flattened 
oval  form,  having  each  a short  duct  communicating  by  one  wide 
opening  witli  the  fauces. 

' X..V11'.  fil.  xlli,  fig.  3. 
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The  Iiiick  of  the  mouth,  in  Ruminants,  presents  its  chief  mwli- 
fieations  in  the  Camel-tribe.  A broad  pendulous  flap  hangs  down 
from  the  fore  part  of  the  soft  palate  and  usually  rests  upon  the  dor- 
sum of  the  tongue.  The  velum  palati  extends  beyond  this  process, 
some  way  down  the  jdiaryux  and  terminates  by  a concave  border. 
The  pharyn.x  behind  the  velum  dilates  into  a sac.  In  the  rutting 
male  the  palatal  flap  is  greatly  enlarged.  I have  found  it  extend- 
ing ten  inches  down  the  jiharynx,  passing  below  the  margin  of  the 
soft  palate  and  the  opening  of  the  larynx,  into  the  cesophagus  : in 
the  living  animal  it  is,  at  this  season,  occasionally  protruded,  with 
a belching  noise,  from  the  mouth.  Its  surface  shows  the  pores  of 
innumerable  mucous  ciypts,  and  in  the  ordinary  state,  in  both 
sexes,  the  flap  may  apj)ly  its  owu  secretion,  and  water  regur- 
gitated from  the  storage-cells  of  the  stomach,  to  the  extended 
surface  of  the  jdiarynx  and  root  of  the  tongue,  so  as  to  allay  the 
feeling  of  thirst  and  help  the  animal  to  endure  the  long  remis- 
sions of  drinking  to  which  it  is  liable  in  traversing  the  desert. 

The  moutli  in  Curnicora  is  characteriswl  by  the  width  of  its 
gape,  and  the  mobility,  dilatability,  and  contractility  of  its  mus- 
cular and  membranous  walls.  Cheek-])ouches  have  not  been 
found  in  any  species.  The  great  extent  of  faucial  membrane 
between  the  back  of  the  tongue  and  the  larynx,  with  the  coex- 
tensive soft  j>alate  in  the  Lion  and  some  other  large  Felines, 
has  been  atlvertcd  to  fp.  198);  also  the  retroverted  sjiines,  and 
the  lytta  of  the  tongue  in  connection  with  the  work  of  the  mouth, 
in  certain  Cantirora.  In  the  Ilyatna  the  tonsils  arc  relatively 
larger  than  in  the  Lion.  The  palatal  gum  is  transversely  ridge<l 
in  most  Carnieora.  The  provision  for  the  lubricating  mucus  at 
the  back  of  the  mouth  and  fauces  is  much  less  in  the  present  than 
in  the  h<x«fetl  group  of  Mammals. 

In  QuHtlrumana  the  Cercupititrei,  Macact,  and  Ci/niirephati 
have  check-pouches,  the  slit-like  orifices  of  which  are  a little 
within  the  labial  commissure ; the  cavity  extends  outside  and 
below  the  mandibular  rami,  where  it  is  occasionally  seen  much 
dL<tendc<l  with  food.  The  Semnopit/ieri  and  Colohi,  remarkable 
for  their  large  sacculated  stomachs,  have  not  such  cheek-]Mutchcs ; 
they  arc  wanting  also  in  lA-murida,  Flatyrhines,  and  tailless 
.\pcs. 

The  Lemurida  have  the  palatal  gum  ridged.  In  the  Aye-aye' 
there  are  three  curve<l  transverse  ridges  anteriorly,  convex  for- 
ward, followed  by  four  transverse  pairs  of  similar  ridges.  In 
other  I^murida  the  palatal  ridges  are  similarly  curved,  but 

' cii'.  p.  11,  pi.  xii,  fij:.  G. 
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usually  undiviiled,  from  five  {Potto)  to  eight  or  nine  ( Galago) 
in  number : between  the  two  anterior  ridges  are  the  orifices  of 
canals  leading  from  the  palate  to  the  nose. 

The  uvula  is  represented  in  the  Aye-aye  and  some  other  Le- 
muridcB  by  a medial  longitudinal  fold  from  the  baek  of  the  soft 
palate  close  to  the  margin,  but  docs  not  project  so  as  to  divide 
the  fauces  into  two  arches ; this  form  of  soft  palate  begins  to 
appear  in  Platyrhines : in  the  Baboons  the  uvula  is  thick  and 
short ; in  the  Apes  it  approaches  nearer  the  proportions  of  that 
aj)pendagc  in  Man. 

In  the  higher  Quadrumana  the  palate  is  smooth,  or  unridged, 
as  in  Man. 

§ 224.  Salivary  Glands. — Fluids  of  different  properties  are 
poured  into  the  mouth  in  aid  of  its  various  functions  of  receiv- 
ing, retaining,  comminuting,  softening  or  dissolving,  tasting,  and 
transmitting  throatward,  the  food.  For  the  preparation  of  these 
fluids  corresponding  modifications  of  glandular  parts  exist,  from  the 
simple  mucous  follicle  to  aggregates  of  three  or  of  more  complex 
follicles,  with  further  multiplication  and  compaction  of  secerning 
surfaces,  in  groups  and  bodies,  forming  glands  and  ducts  with 
definite  names. 

As  the  function  of  the  mouth  is  simplified  so  is  the  condition 
of  such  ministering  glands.  In  the  piscivorous  Cetacea,  which 
bolt  their  food  like  fishes,  the  parotids  and  submaxillaries  are 
not  present : the  latter  arc  represented  with  the  sublinguals,  in 
a diffused  form  in  whalebone  whales.  The  parotids  are  large  in 
Sirenia;'  their  ducts  open  in  the  ilanatce  on  two  papilla;,  one  on 
each  side  the  fore  part  of  the  palate : in  the  Dugong  the  parotids 
are  situated  immediately  behind  the  ascending  mandibular  rami : 
there  is  a thick  layer  of  mucous  glands  above  the  membrane 
covering  the  hard  palate. 

In  the  Ornithorhynchus  the  parotid,  fig.  .3,  E,  is  divided  into 
flat  jKjrtions  or  lobes  thinly  applied  to  the  fundus  of  the  cheek- 
pouch  and  anterior  to  the  long  meatus  auditorius.  The  sul)- 
inaxillary,  ib.  D,  is  a moderately-sized,  oval,  compact  body,  situ- 
ated behind  and  below  the  meatus  auditorius.  The  duct  passes 
under  the  omo-mylo-hyoideus,  ib.  to,  and  then,  contrary  to  the 
usual  mode,  begins  to  be  disposed  in  a scries  of  about  twelve 
close  transverse  folds,  and  terminates  by  a simple  ajKjrturc  at  the 
frajnum  lingua;.  In  the  Echidna  the  submaxillary  gland,  fig.  302, 
b,  is  of  unusual  dimensions : it  extends  from  the  meatus  audi- 
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torius  along  the  neck,  and  upon  the  anterior  part  of  the  thorax : 
it  is  a broad,  flat,  oblong  lobulated  body,  narrowest  at  its  anterior 
extremity,  from  which  the  wide  duct  emerges.  When  the  duct 


302 


has  reached  the  interspace  of  the  lower  jaw,  it  dilates,  and  then 
divides  into  eight  or  ten  undulating  branches,  which  subdivide 
and  ultimately  terminate  by  numerous  orifices  upon  the  mem> 
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l)ranous  floor  of  the  month.  This  modification  of  ‘ AVhnrton’s 
duct  ’ appears  to  be  unique.  The  large  size  of  the  glands  and 
the  mode  in  which  the  secretion  is  spread  over  the  floor  of  the 
mouth  relate  to  the  lubrification  of  the  long,  slender,  and  exten- 
sible tongue,  and  to  its  fitness  as  an  instrument  for  obtaining  the 
insect  food  of  the  spiny  Monotreme. 

The  salivary  glands  in  the  carnivorous  Dasyures  consist  of  a 
small  parotid  and  a large  submaxillary  gland  on  each  side.  They 
do  not  agree  with  the  dogs  in  having  the  zygomatic  glands.  The 
submaxillary  is  j)laced  in  front  of  the  neck,  so  that  its  duct  passes 
tm  tlie  dermal  side  of  the  tendon  of  the  biventer  maxillai,  and 
terminates  half  an  inch  from  the  s)-m|)hysis  menti.  There  is 
a thick  row  of  labial  glands  along  the  lower  lip.  The  Oiiossums 
and  Bandicoots  present  a similar  .salivary  .system.  In  the  Phu- 
langista  vulpina  there  is  a sublingu.al  gland  on  each  side  of  a finn 
texture,  about  one  inch  in  length  and  three  lines  broad;  a 
roundish  submaxillary  gland  about  the  size  of  a hazel-nut;  and  a 
broad  and  flat  parotid,  larger  than  in  the  entomo]>hagous  or  sai'- 
cophagous  Mar.supials.  Tlie  jiarotid  gland.s  are  relatively  larger 
in  the  Koala,  in  which  the  duct  takes  the  usual  course  over  the 
masseter  and  enters  the  mouth  opposite  the  third  true  molar, 
counting  backwards.  In  the  Wornlmt  I found  the  parotid  gland.s 
very  thin,  situated  upon  both  the  outer  and  inner  side  (>f  the 
broad  ])ostcrior  jwrtion  of  the  lower  jaw;  the  duet  pa.ssed  directly 
u]>wards  and  outwards  to  the  insertion  of  the  sterno-cleido-mas- 
toidcus ; here  it  was  buried  in  the  cellular  substance  anterior  to 
that  muscle,  tlien  turned  over  the  ramus  of  the  jaw,  aiid,  pur- 
suing a somewliat  tortuous  course  over  the  masseter,  entered  the 
mouth  just  anterior  to  the  edge  of  the  luiccinator.  The  sub- 
inaxillary  glands  were  each  about  the  size  of  a walnut ; their 
ducts  terminated  as  u.sual  on  each  side  of  the  fncmiin  lingiuc.  In 
the  great  Kangaroo  the  parotid  is  very  large,  extending  from 
below  the  auditory  meatus  three  or  four  inches  down  the  neck  : 
In  the  Potoroos  it  reaches  as  far  as  the  clavicle.  In  both  genera 
this  gland  is  separated  from  the  subinaxillary  gland  by  the  suli- 
maxillary  vein.  The  sublingual  glands  are  elongate,  but  of  mo- 
derate size.  The  tonsils  .arc  small  in  all  the  Marsuj)ials,  but  arc 
not  represented  in  the  carnivorous  species,  ns  in  the  placental 
Feric,  by  simple  glandular  j>ouches  at  the  sides  of  the  fauces  ; for 
example,  they  consist  of  an  oblong  glandular  body  on  each  side 
in  the  Dasgurus  macrurus:. 

In  Rodents,  ns  in  Marsujaals,  the  i)ro|H>rtions  of  the  parotid  and 
submaxill.ary  differ  according  to  the  nature  of  the  food.  In  tlie 


Digitized  by  Googlc 


SALIVAUY  GLANDS  OF  MAMMALS. 


399 


omnivorous  rats  with  ferine  tendencies,  the  submaxillarics  are 
in  excess : in  most  other  Rodents  which  subsist  mainly  or  ex- 
clusively on  vegetable  products  the  parotids  are  the  largest.  They 
are  enormous  in  the  Reaver,  extending  from  before  the  ears 
fonvard  and  downward  to  contact  with  the  submaxillarics,  which 
are  about  one-twentieth  their  size ; the  whole  forming  a sort  of 
glandular  collar  : the  buccal  glands  are  numerous.  In  l.eporid<s 
the  jiarotids  partly  inclose  the  base  of  the  ear-conch  and  also 
descend  to  meet  the  submaxillaries : the  parotid  duct  crosses 
the  upper  part  of  the  masseter  and  terminates  opposite  the  last 
upper  molar  tooth.  The  submaxillary  duct  tenninates  at  the 
side  of  the  fraenum  linguae : the  submaxillaries  are  thin  and 
long:  the  chief  mass  of  the  molar  follicles  is  near  the  upper 
molars.  The  submaxillary  glands  are  almost  as  large  as  the 
]>arotids  in  the  Paca  (Calof/ciu/s):  both  glands  are  large:  the 
latter  present  a compact  reddish  tissue.  There  is  also  a large 
zygomatic  salivary  gland,  which  exists,  of  smaller  relative  di- 
mensions, in  the  Guinea-pig  (Aperca).  In  the  Hamster  the 
j»arotids  are  elongate,  narrow,  and  applietl,  as  in  tlie  Ornitho- 
rhynchus,  to  the  back  of  the  cheek-jwuehes : there  is  also  an 
accessory  lobe,  beneath  the  masseter.  The  submaxillaries  arc 
large,  round,  and  »>f  a reddish  colour.  The  sublinguals  arc  small, 
subglobular.  In  Dathrjergus  the  salivary  glands  are  smaller  than 
in  most  other  Rodents. 

Amongst  Insectivora  the  hedgehog  is  remarkable  for  a zygo- 
matic gland  which  seems  to  be  a development  of  the  homologue 
of  the  ‘ molar  ’ glands  in  Marsupials.  The  parotids  are  larger 
than  the  submaxillaries ; but  both  are  well-developed.  The  sub- 
lingual follicles  arc  in  two  series,  the  larger  one  next  the  mandi- 
bular ramus.  The  mole  has  large  parotids  and  submaxillaries, 
the  former  oblong,  the  latter  subdivided  into  roundish  masses : 
the  sublingual  is  j)laced  very  near  the  mandible : there  is  no 
zygomatic  gland.  In  shrews  the  maxillary  exceeds  the  parotid 
gland  in  size : the  latter  follows  the  auditory  meatus  in  its  in- 
ferior position.  The  same  pro|x>rtions  hold  in  the  insectivorous 
bats:  but  in  the  fruit-eating  Ptcrojuucs  the  parotids  are  the 
larger  glands. 

Great  is  the  diversity  of  the  salivary  system  in  the  order 
ns  the  difference  of  food  and  ways  of  getting  it  might  indicate. 
The  parotids  arc  somewhat  less  than  the  submaxillarics  even  in 
the  phyllophagous  Sloths,  and  are  much  the  smallest  in  the  in- 
sectivorous families.  In  the  Armadillos  the  parotid  gland  is  small : 
its  duct  opens  into  the  mouth  near  the  angle  of  the  lip.  The 
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Bubmaxillary  glands  are  very  large,  subcervical  in  position,  extend- 
ing from  the  angle  of  the  jaw  to  the  anterior  border  of  the  pectoralis 

major,  where  they  meet  at 
the  middle  line,  under-lap- 
ping the  stemo  - hyoidei. 
The  gland,  fig.  303,  c,‘  is 
lobular,  and  sends  its  se- 
cretion by  three  or  four 
short  ducts,  d,  d,  into  a 
pyriform  bladder,  e,  situ- 
ated at  the  fore  part  of  the 
gland,  from  the  apex  of 
which  the  duct,  f,  is  con- 
tinued forward  to  terminate 
by  a minute  orifice  on  the 
sublingual  membrane  of  the 
mouth,  immediately  behind 
the  symphysis  menti.  The 
saliva  which  the  bladder 
contains  is  tenacious,  the 
serous  part  being  probably 
absorbed  during  its  deten- 
tion. Thus  prepared  and 
accumulated  it  is  expelled 
at  the  fore  and  under  part 
of  the  mouth,  in  order  to 
lubricate  the  tongue. 

In  the  great  Anteater  the 
submaxillary  salivary  gland 
is  a bilobed  body,  sixteen 
inches  in  length,  two  inches 
in  greatest  thickness  at  the 
posterior  part  where  the 
s.iiv.n-  .na Arm.uiuo.  blend  together.* 

From  this  confluent  base 
they  diverge,  extending  outward  and  forward,  and  form,  each,  a 
flattened  triangular  mass,  from  four  to  five  inches  in  breadth 


* cx^TU^'.  p.  144.  The  preparations  which  exemplify  this  modification  of  the 
salivary  pystem  are  Nos.  772  l,  and  m,  in  xx,  vol.  i.  p.  238  (1831).  Prof.  Kapp,  in 
cxxix".  (1843),  refers,  for  this  structure,  to  Wi.skf.r,  Dissert,  sistens  ohservationcs 
anatomicas  de  Tatu  noveracincto.  Tubing.  1826,  pp.  10, 1 1 : Happ,  prseses ; who  adds: — 
* Nachdem  Prof.  Jager,  in  Stuttgart,  sie  schon  vorber  bemerkt  hatte.'  This  inaugural 
Thesis  1 had  not  seen  at  the  date  of  Tin",  and  I became  aware  of  its  existence  only 
through  the  reference  thereto  in  Prof.  Rapp’s  work. 

^ Till",  pi.  40. 
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and  two  inches  thick  posteriorly,  and  becoming  thinner  towards 
the  outer  and  anterior  border,  where  the  aj>ex  is  prolonged 
into  a slender  process.  The  isthmus,  or  base  of  the  combined 
glands,  overlies  the  anterior  half  of  the  thorax  ; the  base  of  each 
lateral  lobe  is  notched  by  the  prominence  of  the  shoulder-joint, 
round  which  its  outer  Iwrder  extends ; the  contracting  anterior 
jirolongatiftns  of  the  gland  pass  forward  along  the  sides  of  the 
neck,  external  to  the  stemo-maxillaries,  and  terminate  a little  in 
a<lvance  of  the  angle  of  the  jaw. 

The  two  packets  of  ducts,  which  indicate  the  essential  double- 
ness of  the  gland,  emerge  from  the  inner  and  posterior  part  of 
the  lateral  lobes,  five  or  six  inches  in  a straight  line  from  the 
posterior  border  of  the  isthmus,  and  nine  or  ten  inches  from  the 
anterior  attenuated  extremity  of  the  gland.  After  a short  course, 
the  ducts  dilate  and  form  a small  reservoir  on  each  side ; they 
are  here  so  closely  covered  and  connected  by  elastic  cellular 
tissue  as  to  seem  a single  reservoir;  they  maintain,  however, 
their  distinctness,  and  continue,  contracted,  from  each  dilatation, 
as  three  closely  united  attenuated  ducts,  which  at  length  unite 
into  one  long  and  slender  duct.  The  dilated  jx>rtion  is  sur- 
rounded by  a compressor  muscle  (^constrictor  saliraris).  The 
gland  is  conglomerate,  the  primary  lobes  being  for  the  most 
part  oblong,  subcompressed,  from  about  three  to  nine  lines  in 
diameter.  The  closely  united  ducts,  after  quitting  the  reser- 
voir, are  continued  forward  covered  by  the  extraordinarily  ex- 
tended mylohyoideus,  and,  after  their  union,  the  common  duct 
terminates  at  the  symphysis  of  the  lower  jaw. 

The  parotid  gland  is  small  in  proportion  to  the  animal : it  is 
situated  in  front  and  below  the  root  of  the  ear,  is  of  a triangular 
form,  two  inches  four  lines  in  length,  one  inch  two  lines  in 
breadth,  with  the  duct  continued  from  the  outer  side  of  the  an- 
terior apex  of  the  gland,  which  apex  terminates  at  the  posterior 
end  of  the  origin  of  the  masseter  muscle.  The  duct  extends  for- 
ward along  the  outside  of  the  masseter  near  its  origin,  passes 
along  the  buccinator  near  its  upper  border  and  beneath  the  ten- 
dons of  three  of  the  retractors  of  the  mouth,  then  dips  under  the 
orbicularis  oris,  and  terminates  near  the  opening  of  the  mouth. 
The  length  of  the  duct  is  eleven  inches,  its  diameter  scarcely 
half  a line.  This  is  perhaps  the  longest  duct,  in  proiwrtion  to 
the  size  of  the  gland,  in  the  animal  kingdom  : as  the  submaxillary 
is  the  largest  gland  outside  a visceral  cavity  in  the  vertebrate 
series.  The  depressor  auris,  which  arises  from  the  angle  of  the 
jaw,  perforates  the  parotid  gland.  A chain  of  lymjihatic  glands 
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juhatn ; and  there  is  a superadded  aggregate  of  mucous  follicles 
behind  the  eyeball,  in  the  shallow  orbit  of  the  smaller  species,  the 
secretion  of  which  enters  near  the  angle  of  the  mouth. 

In  the  Hyrax  the  parotid  exceeds  the  submaxillary  in  size, 
and  is  of  a redder  colour : the  sublingual  is  almost  as  large  as 
the  latter.  In  the  Horse  the  parotid  forms  a considerable  mass 
extending  from  its  normal  position  behind  the  masseter,  upward 
to  the  ear-conch,  the  base  of  which  it  embraces,  and  downward  to 
the  larynx,  where  it  meets  its  fellow.  Three  ducts  quit  the  mass 
at  different  points  of  its  lower  half,  converge  and  unite  as  they 
pass  downward  and  forward ; the  common  duct,  which  curves 
down  beneath  the  lower  border  of  the  masseter,  rises  in  front  of 
that  muscle  to  pierce  the  buccal  membrane  at  a papilla  opposite 
the  last  upper  premolar.  The  submaxillarics  are  about  one-fourth 
the  size  of  the  parotids,  by  which  they  are  covered : the  gland 
extends  from  the  transverse  process  of  the  atlas  to  the  angle  of 
the  jaw.  The  duct  terminates  on  a valvular  papilla  anterior  to 
the  fraenum  lingua:.  The  sublingual  glands,  beneath  the  sides  of 
the  fraenum,  are  elongate,  as  large  as  the  submaxillary,  and 
communicate  with  the  mouth  by  several  orifices.  The  buccal 
glands  form  large  tracts  of  lenticular  follicles  along  the  upper 
maxillary  bone,  ascending  to  beneath  the  zygoma. 

In  the  Hog-tribe  the  parotids  have  a large  proportional  size: 
the  duct  follows  the  lower  border  of  the  masseter,  curves  upward, 
and  opens  into  the  mouth  opposite  the  last  premolar : there  is  a 
small  patch  of  buccal  glands  near  its  termination.  In  the  Baby- 
roussaand  Wart-hog  the  parotid  extends  from  its  normal  j)Osition, 
downward  and  backward,  to  the  shoulder-joint  and,  mesiad,  to  the 
stemo-thyroids : resembling  in  size,  shai>e,  and  proportion,  the 
submaxillary  of  the  Armadillo : its  duct  crosses  the  uj)per  part 
of  the  masseter.  As  in  the  Hog,  there  are  two  sublingual 
glands ; one,  which  is  very  long  and  narrow,  accomjianies  the 
duct  of  the  submaxillary  gland,  and  is  composed  of  small  lobes  of 
a pale  reddish  colour ; the  orifice  of  its  excretory  duct  is  near 
that  of  the  maxillary.  The  second  sublingual  gland  is  placed  in 
front  of  the  former,  and  is  of  a square  form;  it  discharges  its 
secretion  through  eight  or  ten  short  ducts,  which  pierce  the 
mucous  membrane  of  the  mouth.  Ur.  Wartl  has  given  an  illus- 
tration, fig.  304,  from  a preparation  by  Quekett,  of  the  distri- 
bution of  the  capillaries  in  the  parotid  of  a Pig.  The  arteries 
penetrate  the  areolar  tissue  at  different  points  of  the  surface,  and 
arc  conducted,  as  it  were,  by  this  tissue  through  the  interlobular 
spaces  as  far  as  the  primary  aggregations  of  the  vesicles,  where 
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is  continued  backward  from  beneath  the  parotid  on  the  side  of 
the  neck. 

The  representative  of  the  ‘ sublingual  gland  ’ forms  a thin  layer, 
divided  for  the  most  part  into  narrow  elongated  lobes  or  groups 
of  follicles,  attached  to  and  spread  over  the  inferior  buccal  mem- 
brane for  an  extent  of  twelve  inches : the  greatest  breadth  of  this 
layer  is  two  and  a half  inches,  and  is  opjwsite  the  angle  of  the  jaw. 

There  is  a small  elongated  ‘ labial  gland,’  lying  ujxm  the  fore 
part  of  the  buccinator,  near  its  lower  border,  and  sending  its 
secretion  into  the  side  of  the  fore  jiart  of  the  mouth  ; apparently 
to  lubricate  that  contracted  ajicrture  during  the  frequent  and 
rapid  protrusive  and  retractile  movements  of  the  tongue.  The 
‘ buccal  glands’  form  a very  extensive  but  extremely  thin  stratum 
of  muco-glandular  follicles,  closely  attached  to  the  thin  membrane 
of  the  mouth  ; they  are  chiefly  developed  at  the  lower  and  lateral 
jiarts,  and  along  the  middle  of  the  upper  surface  of  that  part  of 
the  mouth  -which  is  prolonged  backward,  below  the  similarly  pro- 
longed nasal  canal,  beyond  the  bony  palate.  These  glands  ter- 
minate by  innumerable  very  minute  orifices  upon  the  smooth 
inner  surface  of  the  buccal  membrane,  which  they  serve  to  lubri- 
cate. They  are  continuous  with  the  better-marked  series  of 
follicles  extending  along  the  sides  of  the  under  surface  of  the 
mouth,  beneath  the  lower  jaw,  which  represent  the  ‘ sublinguales.’ 
But  the  glands  that  pour  out  the  abundant  viscid  secretion  which 
lubricates  the  tongue  and  is  mainly  subservient  to  its  peculiar 
prehensile  function  in  the  Great  Anteater,  are  those  conjoined  or 
intcrblended  pair  that  answer  to  the  submaxillary  salivary  glands 
in  other  animals;  which  glands  are  most  modified  and  developed, 
for  a like  function,  in  other  species  of  Mt/rmecophaga,  and,  as  we 
have  seen,  in  the  Armadillos  {Dasgpus),  and  in  the  Echidna. 

In  the  little  scansorial  Mgrmecophaga  dtdactyla,  the  homologucs 
of  the  submaxillary  glands  are  subcervical  and  blended  together, 
as  in  the  larger  species ; and  a slender  process  is  continued  from 
them  to  the  labial  gland.  The  duct  commences  by  three  tubes 
continued  on  each  side  from  the  main  body  of  the  gland ; and 
these  tubes  dilate  into  a small  reservoir,  provided  -with  a com- 
])rc8sor  muscle,  before  the  long  and  slender  single  duct  is  continued, 
covered  by  the  mylohyoideus,  to  the  symphysis  of  the  jaw.  The 
j>arotid  gland  is  of  very  small  relative  size ; and  this  striking 
difference  in  the  proportions  of  the  two  chief  salivary  glands 
indicates  the  difference  in  their  functions  and  in  the  quality  of 
their  respective  secretions.  The  labial  glands  are  relatively 
larger  in  the  Mgrmecophaga  didactyla  than  in  the  Myrmecophagn 
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juhata ; and  there  is  a superadded  agi^regate  of  mucous  follicles 
behind  the  eyeball,  in  the  shallow  orbit  of  the  smaller  species,  the 
secretirm  of  which  enters  near  the  anole  of  the  mouth. 

In  the  Hyrax  the  parotid  cxeeecls  the  submaxillary  in  size, 
and  is  of  a re<lder  colour:  the  sublinjsual  is  almost  as  lartie  as 
the  latter.  In  the  Horse  the  parotid  forms  a considerable  nia.^s 
extending  from  its  normal  position  behind  the  masseter,  upward 
to  the  ear-conch,  the  base  of  which  it  embraces,  and  downward  to 
the  larj-nx,  where  it  meets  its  fellow.  Three  ducts  quit  the  mass 
at  different  points  of  its  lower  half,  converge  and  unite  as  they 
pass  downward  and  forward ; the  common  duct,  which  curves 
down  beneath  the  lower  border  of  the  masseter,  rises  in  front  of 
that  muscle  to  pierce  the  buccal  membrane  at  a papilla  opposite 
the  last  upper  premolar.  The  submaxillaries  are  al>out  one-fourth 
the  size  of  the  parotids,  by  which  they  are  covered : the  gland 
extends  from  the  transverse  process  of  the  atlas  to  the  angle  of 
the  jaw.  The  duct  terminates  on  a valvular  ]>apilla  anterior  to 
the  frajnum  linguae.  The  sublingual  glands,  beneath  the  sides  of 
the  fnenum,  are  elongate,  as  large  as  the  submaxillary,  and 
communicate  with  the  mouth  by  several  orifices.  The  buccal 
glands  form  large  tracts  of  lenticular  follicles  along  the  upper 
maxillary  bone,  ascending  to  beneath  the  zygoma. 

In  the  I log-tribe  the  parotids  have  a large  proportional  size; 
the  duct  follows  the  lower  border  of  the  masseter,  curves  upward, 
and  o[>ens  into  the  mouth  opjxisite  the  last  premolar : there  is  a 
small  patch  of  buccal  glands  near  its  termination.  In  the  I5aby- 
roussa  and  Wart-hog  the  parotid  extends  from  its  normal  j»f)sition, 
downward  and  backward,  to  the  shoulder-joint  and,  mesiatl,  to  the 
stemo-thyroids : resembling  in  size,  shaj>e,  and  proportion,  the 
Bubmaxillary  of  the  Armadillo : its  duct  crosses  the  upper  jiart 
of  the  masseter.  As  in  the  Hog,  there  are  two  sublingual 
glands ; one,  which  is  very  long  and  narrow,  accomj)anies  the 
duct  of  the  submaxillary  gland,  and  is  composetl  of  small  lobes  of 
a pale  reddish  colour ; the  orifice  of  its  excretory  duct  is  near 
that  of  the  maxillary.  The  second  sublingual  gland  is  placc<l  in 
front  of  the  former,  and  is  of  a square  form ; it  discharges  its 
secretion  through  eight  or  ten  short  ducts,  which  pierce  the 
mucous  membrane  of  the  mouth.  Dr.  Ward  has  given  an  illus- 
tration, fig.  304,  from  a preparation  by  Quekett,  of  the  distri- 
bution of  the  capillaries  in  the  parotid  of  a Pig.  The  arteries 
jicnctratc  the  areolar  tis.sue  at  different  pciints  of  the  surface,  and 
are  conducted,  as  it  were,  by  this  tissue  through  the  interlobular 
ppaces  as  far  as  the  piimary  aggregations  of  the  vesicles,  where 
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they  form  a network,  which  is  distributed  over  the  elementary 
parts  of  the  gland. 

The  parotids  are  large  in  all  Ruminants.  In  the  Ox  the  parotid 
is  vertically  extended  behind  the  long  ascending  mandibular  ra- 
304  mus  from  the  lower  border 

of  the  ear-conch  to  the 
angle:  the  duct,  as  in  the 
Horse  and  Hog,  follows  the 
lower  contour  of  the  mas- 
seter,  and  penetrates  the 
mouth  opposite  the  first 
upper  true  molar. 

The  Bubmaxillary  lies  be- 
hind and  upon  the  angle  ot 
the  jaw;  it  is  relatively 
larger  than  in  the  horse  ; its 
duct  traverses  the  sublin- 
gual gland  in  passing  to 
its  termination  below  the 
fiinged  fore  part  of  the 
frsenum.  In  the  Girafie  its 

C«(>injirlcB  of  rarutid  of  Pig,  c.xxv".  . • • «i  i 

opening  is  similarly  pro- 
tccted  by  a small  valvular  papillose  fold.  There  are  three  small 
elongate  masses  of  buccal  glands,  over  the  alveoli  of  both  upper 
and  lower  molar  series : opening  upon  the  angle  of  reflection  of 
the  gum-membrane  upon  the  cheeks  or  lips. 

In  the  Carnivorous  order  the  salivary  system  is  least  developed 
in  the  Seal-tribe : they  have  the  parotid  either  very  small  or 
wanting : and  have  no  zygomatic  glands.  In  the  Dog  the  pa- 
rotid, fig.  305,  a,  is  comparatively  small,  flat  externally,  with 
the  duct  continued  from  near  the  lower  end,  and  traversing  the 
massetcr,  in  an  almost  straight  course,  at  an  equal  distance  from 
the  upper  and  lower  borders  of  the  muscle : it  terminates  opposite 
♦he  upper  camassial,  ib.  b.  The  submaxillary,  ib.  c,  is  a large 
globose  gland,  beneath  and  partly  covered  by  the  parotid  behind 
the  angle  of  the  jaw:  its  duct  terminates  at  <f.  The  sublingual, 
ib.  e,  is  more  posteriorly  placed  than  in  Ungulates,  and  is  in 
contact  with  the  submaxillary,  of  which  it  seems  an  accessory 
lobe : its  duct,  f,  has  a similar  termination  at  the  fore  part  of 
the  frainum  linguso.  The  zygomatic  gland,  ib.  g,  seems  to  be  a 
special  development  of  part  of  the  buccal  system : its  duct,  h, 
terminates  behind  that  of  the  parotid,  opposite  the  interval  be- 
tween the  penultimate  and  last  molars.  The  parotid  is  relatively 
larger  in  the  Cat,  and  more  so  in  the  Ucur-lribe. 
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In  the  Aye-aye  the  parotid,  of  a subtriangular  flattened  form, 
extends  from  its  usual  position  to  beneath  the  mandible  where  it 
is  in  contact  with  the  submaxillary  gland.  The  duct  leaves  the 
parotid  about  three  lines  above  the  lower  margin  of  the  mandible. 


fiaUTUT  of  P09.  iv**. 


crosses  the  masseter,  and  penetrates  the  buccal  membrane  close  to 
the  angle  of  the  mouth.  The  submaxillary  is  smaller,  thicker, 
more  globose  and  compact  in  texture.'  These  forms  and  propor- 
tions of  the  two  main  salivary  glands  obtain  in  all  Lemuridee : in 
Stenops  the  authors  of  cxxiv"  describe  and  figure  ’ the  ducts  of 
the  submaxillaries  as  uniting,  beneath  the  middle  of  the  tongue, 
into  a common  duct  which  passes  backward  to  terminate  upon 
the  mucous  membrane  of  the  month  a little  above  the  hyoid. 
In  the  Potto  the  submaxillary  ducts  open  in  the  usual  position, 
upon  the  free  margin  of  the  sublingual.  In  the  higher  Quad- 
rumana  the  salivary  system  accords,  in  the  main,  with  that  in 
Man.  The  situation  of  the  submaxillary  agrees  with  the  name  of 
the  gland.  The  buccal  follicles  are  more  numerous  in  the  cheek- 
pouched  monkeys,  and  the  parotids  are  relatively  larger  in  the 
more  exclusive  vegetarians. 

The  human  parotid  is  a depressed,  three-sided  pyramid : its 
base  forms  the  exterior  surface,  and  the  apex  sinks  deep  to  the 
Btylo-hyal  and  its  muscles,  penetrating  between  them  and  the 
internal  pterygoid  muscle,  as  far  as  the  pharynx.  A dense  fascia 
separates  it  from  the  submaxillary : that  which  covers  its  base  is 
called  ‘ parotid  fascia : ’ and  the  gland  is  attached  by  similar 
tissue,  posteriorly,  to  the  cartilage  of  the  meatus  auditorius.  A 
portion  of  the  gland  which  extends  from  the  part  overlapping 

' cn'.  p.  43.  * p.  52,  pL  i,  fig.  5. 
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the  niasseter,  fonvard  below  the  zygoma,  is  called  ‘ socia  pa- 
rotidis ; ’ and  in  some  cases  it  sends  its  secretion  by  one  or  two 
small  tributary  canals  into  the  main  duct.  This  crosses  the 
masseter,  j)erfbratcs  the  buccinator,  glides  between  that  muscle 
and  the  mucous  membrane  of  the  mouth,  which  it  finally  per- 
forates oi>i)osite  the  i)cnultimate  upper  molar,  m 2.  The  parotid 
derives  its  arterial  suj)ply  from  the  ectocarotid,  directly  and 
through  the  medium  of  branches ; the  disposition  of  the  terminal 
caj)illaries  resembles  that  shown  in  fig.  304,  The  nerves  are 
derived  from  the  facial,  the  anterior  auricular,  and  the  ex- 
ternal carotid  j)lexus.  The  submaxillary  gland,  much  smaller 
than  the  parotid  and  larger  than  the  sublingual,  is  situated  in 
the  anterior  |)ortion  of  the  digastric  space.  It  is  irregulaidy  ob- 
long in  form,  and  is  enclosed  in  a loose  Investment  of  areolar 
tissue  more  delicate  than  that  covering  the  parotid.  Its  long 
axis  is  directed  from  before  backward,  and  is  about  an  inch  and 
a half  in  extent.  Its  external  or  maxillary  surface  is  slightly 
concave,  is  lodged  in  a groove  in  the  bone,  and  is  in  immediate 
contact  with  the  mylo-hyoid  nerve.  The  anterior  extremity  is 
the  smallest,  and  from  the  part  represented  by  the  confluence  of 
the  inner  and  outer  surfaces  above,  generally  proceeds  a process, 
longer  than  the  gland  itself,  and  passing  along  the  upper  surface 
of  the  mylo-hyoid  muscle  in  company  with  the  excretory  duct, 
but  above  it,  as  far  as  the  sublingual  gland  in  front,  with  which 
it  is  occasionally  incorporated.  This  process  may  be  regarded  as 
analogous  to  the  accessory  gland  of  the  parotid,  and  like  it  varies 
considerably  in  size  and  relation  to  the  body  of  the  gland.  A 
quarter  of  an  inch  below  the  base  of  the  process  appears  the  com- 
mencement of  the  excretory  duct.  It  accompanies  the  gustatory 
nerve  toward  the  tip  of  the  tongue  between  the  sublingual  gland 
and  the  gcnio-hyo-glossus  muscle  to  the  side  of  the  frxnum 
lingua! : in  the  terminal  part  of  its  course  it  is  directed  forward 
and  inward,  fig.  30fi,  b,  lies  immediately  beneath  the  mucous 
membrane,  and  opens  by  a very  narrow  orifice  into  the  mouth, 
in  the  centre  of  a ]iaj)illa  of  mucous  membrane  which  projects 
from  the  side  of  the  fraimim.  The  duct  is  about  two  inches  in 
length,  its  coats  are  more  delicate  and  extensible  than  those  of 
the  parotid.  Its  calibre  exceeds  that  of  the  parotid  duct,  and, 
like  it,  its  narrowest  jKjrtion  is  that  immediately  beneath  the 
mucous  membrane,  and  this  gradually  contracts  more  and  more, 
so  that  the  terminal  orifice  becomes  so  small  as  scarcely  to  be 
visible  by  the  naked  eye.  The  primary  lobes  of  the  submaxillary 
gland  are  much  larger  than  those  of  the  j>arotid,  and  the  lobules 
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have  an  irregularly  triangular  arrangement  The  arteries  and 
veins  that  supply  the  submaxillary  gland,  are  derived  from  the 
facial  and  lingual.  The  nerves  are  from  the  mylo-hyoid  branch 
of  the  dental,  and  the  gus- 
tatory, but  chiefly  from  the 
submaxillary  ganglipn. 

The  sublingual  gland 
forms  a distinct  eminence 
underneath  the  anterior 
part  of  the  tongue  by  the 
side  of  the  fraenum.  Its 
shape  and  position  arc 
shown  in  fig.  305,  c,  c:  its 
lobules  are  smaller,  firmer, 
and  more  distinct  than  those 
of  either  the  parotid  or  max- 
illary : its  ducts  are  nume- 
rous, their  orifices  conspi- 

1 .1  f>  »ulilliiguiil  glaiida,  llmiian,  imt.  Blii*.  CXXV". 

cuous  along  the  nclge  of 

mucous  membrane  behind  the  terminal  papilla  of  the  duct 
of  the  submaxillary.  Occasionally  one  duct  is  longer  and 
larger  than  the  rest : it  is  named,  after  the  anatomist  who  first 
drew  attention  to  it,  ‘ Bartholin's  duct,’  fig.  306,  a.  For  a like 
reason,  Anthropotomy  calls  the  duct  of  the  submaxillary,  ib.  h, 

‘ Wharton’s,’  that  of  the  parotid  ‘ Steno’s,’  and  the  short  ducts  of 
the  sublingual  ‘ Rivinus’s.’  The  secretion  of  the  latter  gland  is 
more  viscid  than  true  saliva : and  it  may  be  considered  as  the 
best  defined  of  the  subsidiary  glands  of  the  salivary  system.  The 
posterior  part  of  the  sublingual  is  occasionally  represented  by  one 
or  more  distinct  glands  in  juxtaposition,  each  furnished  with  a 
very  short  excretory  duct  The  anterior  lingual  glands,  fig.  307,  b, 
are  situate  below  the  apex  of  the  tongue,  between  the  lower  longi- 
tudinal and  transverse  muscular  fibres,  and  emit  their  secretion 
during  the  movements  of  that  organ  upon  the  mucous  membrane 
beneath  the  tip,  by  delicate  ducts  indicated  by  bristles  in  the  figure. 

The  labial  glands  form  a series  of  closely  packed  small,  dense, 
spheroidal  crypts,  situated  in  the  areolar  tissue  between  the 
mucous  membrane  of  the  mouth  and  the  orbicularis  oris  muscle ; 
their  excretory  ducts  open  upon  the  posterior  or  free  surface  of 
the  labial  mucous  membrane.  They  are  not  visible  to  the  eye 
when  the  lips  are  in  their  natural  lax  position,  but  when  the 
latter  are  everted,  they  appear  as  prominences  upon  the  tense 
mucous  membrane. 
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The  buccal  arc  smaller  than  the  labial  glands,  but  resemble 
them  in  form  and  position,  being  irregularly  spheroidal,  and 
placed  between  the  buccinator  and  mucous  membrane ; they  open 
by  the  orifices  of  distinct  ducts  upon  the  free  surface  of  the  latter. 
The  molar  glands  are  placed  between  the  buccinator  and  masseter 
muscles.  They  are  larger  and  more  dense  than  the  buccal, 
being  comjwsed  of  several  lobes.  The  ducts  open  upon  the 
mucous  membrane  at  tbe  posterior  part  of  the  cheek.  The  pala- 
tine glands  are  very  numerous  and  small,  and  situated  partly 
between  the  mucous  membrane  and  the  palatine  arch,  and  partly 
between  the  mucous  and  muscular  layers  of  the  soft  palate. 
The  former  are  situated  on  either  side  of  the  median  line,  and 
form  a thick  layer,  being  more  closely  aggregated  together  in  the 
front  and  behind  than  in  the  middle,  opening  on  to  the  mucous 
membrane  by  distinct  orifices.  The  latter,  smaller  than  the 
former,  exist  both  on  the  upper  and  lower  surface  of  the  velum, 
and  are  continuous  below,  where  they  are  more  numerous  than 
above,  with  the  glands  of  the  hard  palate.  The  aggregate  follicles 
opening  near  the  fossulate  papillae  at  the  back  part  of  the  tongue 
are  sometimes  specified  as  the  ‘ j)osterior  lingual  glands.’  Like 
the  other  subsidiary  glands  their  secretion  is  more  mucous  and 
lubricating  than  solvent : and  the  homologues  of  most  of  these 
glands  are  maximised  in 
herbivorous  Mammals  in 
relation  to  the  movements 
and  mastication  of  their 
coarse  vegetable  food. 

The  diversion  of  the  paro- 
tid secretion  from  the  mouth 
of  a horse,  during  mastica- 
tion of  oats,  was  followed 
by  dryness  of  the  interior 
of  the  bolus  and  an  exte- 
rior envelope  of  tenacious  mucus,  which  was  as  abundant  as  be- 
fore the  division  of  Steno’s  ducts ; the  experiment ' indicating 
that  the  secretion  of  the  parotid  is  of  the  more  fluid  saliva  which 
moistcns,in  ordinary  mastication,  the  whole  mass ; and  that  the  sub- 
maxillary and  sublingual,  like  the  more  diffused  tributary  glands, 
provide  the  secretion  of  the  slimy  lubricating  saliva.  Further 
experiments  showed’  that  the  flows  from  the  parotid,  sub- 
maxillary and  sublingual  glands  are  respectively  regulated  by 
conditions  special  to  each.  Thus,  the  quantity  of  saliva  secreted 
* exxn".  • lb. 
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Digitized  by  Coogle 


SALIVAllY  GLANDS  OF  MAMMALS. 


409 


by  the  parotid  of  a horse  is  in  direct  ratio  to  the  dryness  of 
the  food  and  the  diflBculty  experienced  in  its  mechanical  division. 
The  mastication  of  straw  and  hay  causes  a greater  flow  than  does 
that  of  oats  and  farinaceous  matters ; the  mastication  of  moist 
forms  of  food  hardly  excites  any.  The  saliva  from  the  sublingual 
and  submaxillary  ducts  flows  nearly  in  equal  abundance  whether 
mastication  be  exerted  on  dry  or  moist  forms  of  food ; and,  owing 
to  its  comparative  tenacity,  it  is  not  easily  imbibed  into  the  centre 
of  the  masticated  material,  but  is  gathered  round  the  surface  of 
the  mass,  thus  favouring  its  passage  along  the  alimentary  canal. 

The  comparative  anatomy  of  the  salivary  system  supports  the 
conclusions  of  experimental  physiology : thus,  the  parotids  are  re- 
latively largest  in  mammals. that  masticate  most;  the  submaxil- 
laries  are  largest  in  those  that  need  the  greatest  amount  of  viscid 
lubricating  secretion.  In  the  anteaters,  hairy  or  spiny,  the 
parotid  is  so  small  as  to  have  escaped  the  notice  of  Cuvier  and 
his  continuators : ' the  submaxillary  attains  its  maximum  of  size. 
In  many  long-tongued  Edentates  {Myrmecophaga  and  Dasgpus) 
a bladder  is  superadded  to  the  submaxillary  gland  both  for  storage 
of  a quantity  of  secretion  needed  in  a sudden  excess  of  outflow, 
and  also  for  adding  to  the  tenacity  of  the  secretion  so  poured  out 
to  lubricate  the  tongue.  In  Echidna  the  end  is  gained  by  sub- 
division with  enlargement  of  Wharton’s  ducts. 

Most  analyses  of  saliva  have  been  made  on  that  from  the  human 
mouth  which  is  the  combination  of  the  secretions  of  the  various 
glands  above  described.  The  peculiar  animal  princijile  called 
‘ ptyalin’  is  a nearly  solid  matter,  adhesive,  of  a yellowish  colour : 
it  is  neither  acid  nor  alkaline,  is  readily  soluble  in  ether,  alcohol, 
and  essential  oils,  but  more  sparingly  soluble  in  water.  It  appears 
to  give  the  peculiar  odour  to  saliva : when  pure  it  may  be  kept  long 
at  a moderate  temperature  without  undergoing  decomposition. 

Dr.  Wright’s  analysis  of  human  saliva  * is  as  follows  : — 


Water  t 088*1 

Ptjrtlin . I‘8 

Fatty  acid  .........  *5 

Chlurides  of  potassium  and  sodium  . . . . . 1*4 

AUmmen  combined  willi  soda *9 

Phoi<phtit4)  of  lime  *6 

Albuminate  of  soda *8 

Lactates  of  potash  and  soda *7 

Sulphocyanide  of  potassium *9 

Soda  ..........  ’6 

Mucus,  with  some  ptyalin  .......  2*6 


* * Lorsqu’il  n’y  a point  de  parotido.s,  comme  ccla  a lieu  dans  Tkhulni  ct  le  fourmi” 
licTf  la  proportion  des  maxillaires  augmento  considtimblemont.'  xiu  vol.  ir.  p.  421. 

* cxx".  p.  417. 
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Pure  saliva  obtained  from  the  parotids  and  submaxillaries  of  a 
dog,  and  from  the  parotids  of  a horse,  is  incompetent  to  effect  tiie 
saccharine  transformation  of  starch : but  the  secretion  of  tiie 
mucous  and  subsidiary  glands  of  the  mouth  reacts  upon  either 
starch  or  sugar  in  the  way  of  producing  lactic  acid. 

§ 225.  Alimentary  canal,  Lyencephala.  — In  the  Ornitho- 
rliynchus  the  oesophagus  becomes  slightly  dilated  near  the  dia- 
phragm, extends  a little  way  into  the  abdomen,  and  ex|)ands  into 

a moderate-sized  membranous 
stomach,  fig.  308,  t,  which  is 
chiefly  remarkable  for  the  close 
approximation  of  the  cardiac  and 
pyloric  orifices.  The  intestinal 
canal  is  moderately  wide,  five  feet 
three  inches  and  a half  in  length, 
and  j)rovided,  at  a distance  of 
four  feet  three  inches  from  the 
pylorus,  with  a small  and  slen- 
der ca:cum,  ib.  ip.  The  small 
intestines  are  chiefly  remarkable 
for  the  extent  of  the  mucous 
coat,  which  is  disjioscd  in  nume- 
rous folds  or  valvulae  conniventes: 
these  are  transverse  at  the  be- 
ginning of  theduiKlenum,  but  are 
placed  more  or  less  oblicpiely  in 
the  rest  of  the  small  intestine ; 
they  are  about  two  lines  broad, 
are  close  together  in  the  duotle- 
iium,  but  diminish  in  breadth 
and  number  as  they  approach  the 
cajcum  coli.  There  are  about 
fifteen  longitudinal  folds  In  the 
first  half  of  the  colon ; the  re- 
mainder of  the  intestine  has  a 
smiHith  inner  surface.  There  is 
no  valvula  coli.  The  rectum, 
ib.  z,  terminates  at  the  anterior 
and  dorsal  jiart  of  the  vestibular 
f..oriiiiii..rt.}Dfi.oi.  comiiartment  of  the  cloaca. 

As  the  fixKl  undergoes  less 
comminution  In  the  mouth  of  the  Kchldiia  than  In  that  of  the 
Oruitliorhynclius,  the  pharynx  and  a'sophagus  are  wider,  and  a 
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dense  epithelium  lines  the  inner  surface  of  the  latter  tube : it  is 
continued  over  the  capacious  stomach  to  the  pylorus,  near  which 
orifice  it  is  developed  into  numerous  homy  and  sharp  papillae.  The 
subjacent  mucous  membrane  is  smooth ; the  tunics  of  the  stomach 
are  thin,  to  near  the  pylorus,  where  the  muscular  coat  assumes 
something  of  the  gizzard-character,  and  the  inner  coat  forms  a pro- 
minent protuberance  in  the  duodenum.  The  intestinal  canal  of 
the  Echidna  is  seven  times  the  length  of  the  body;  the  mucous 
membrane  is  not  raised  into  valvular  folds;  a small  vermiform 
and  glandular  caecum  di\-ides  the  small  from  the  large  intestines; 
the  rectum  terminates  as  in  the  Omithorhynchus. 

The  various  modes  of  locomotion,  resulting  from  the  different 
modifications  of  the  osseous  and  muscular  systems  observable  in 
the  several  families  of  Marsupialia,  relate  to  the  acquisition  of 
as  various  kinds  of  alimentary  substances,  which  necessarily  re- 
quire for  their  a.ssimilation  as  many  adaptations  of  the  digestive 
organs.  Food — means  of  obtaining  it — instruments  for  preparing 
and  mechanically  dividing  it — cavities,  canals,  and  glands  for 
chemically  reducing  and  animalising  it — form  a closely  connected 
ciiain  of  relationships  and  interdependencies.  The  preparatory 
instruments  have  been  describeil  in  previous  sections.  In  all 
^larsupials  the  oesophagus  in  passing  through  the  chest  recedes 
from  the  spine  as  it  ai)proaches  the  diaphragm,  and  is  Ics^scly 
connected  with  the  bodies  of  the  dorsal  vertebrae  by  a broad 
duplicature  of  the  posterior  mediastinum.  In  the  Phalangers  the 
oesophagus  terminates  in  the  stomach  almost  as  soon  as  it  has 
pierced  the  diaphragm ; in  the  Ojtossums  it  is  continued  some  way 
into  the  abdomen  ; in  the  Diddphys  virginiana,  for  example,  for 
the  extent  of  an  inch  and  a half ; in  Did.  hrachyura,  for  half  an 
inch.  In  the  Kangaroos  the  abdominal  jx)rtion  of  the  oesophagus 
is  of  still  greater  extent ; I have  observed  it  five  inches  long  in  a 
male  Macropu.^  major. 

The  inner  surface  of  the  oesophagus  is  generally  smooth,  or  dis- 
posed in  fine  longitudinal  ]>laits  ; but  in  the  Virginian  0[K)ssum  the 
tenninal  j>art  of  the  oesoj>hagus  presents  many  transverse  folds  of 
the  lining  membrane  analogous  to,  but  relatively  larger  than, 
those  in  the  Lion  and  other  Felines.  I have  not  met  with  a like 
structure  in  the  Phalangers,  nor  in  any  other  genus  of  Marsupials; 
what  is  more  remarkable  is  that  the  transverse  oesophageal  ruga: 
are  not  developed  in  the  carnivorous  Dasyures  or  Phascoyales, 
where  analogy  would  lead  one  to  expect  them,  rather  than  in  the 
insectivorous  Ojxwsums. 

The  stomach  presents  three  leading  modifications  of  structure 
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in  the  Marsupialia;  it  is  either  simple,  as  in  the  Zoophagous, 
Entomophagous,  and  Carpophagous  tribes ; or  is  provided  with  a 
cardiac  glandular  apparatus,  as  in  the  Koala  and  Wombat;  or  is 
complicated  by  sacculi,  as  in  the  Poephagans. 

It  might  have  been  expected  that  the  stomach  would  have  ex- 
hibited some  modifications  in  the  development  of  the  left  or 
cardiac  extremity  corresponding  with  the  differences  of  food  and 
dentition  observable  in  the  large  proportion  of  the  Marsupial 
order,  in  which  this  viscus  presents  its  simple  condition ; but  this 
is  not  the  case : the  form  of  the  stomach  is  essentially  the  same 
in  the  carnivorous  Dasyure,  the  insectivorous  Bandicoot,  and  the 
leaf-eating  Phalangers.  It  presents  a full,  round,  ovate,  or  sub- 
triangular  figure,  with  the  right  extremity  projecting  beyond  and 
below  the  pylorus ; the  longitudinal  diameter  seldom  exceeds  the 
vertical  or  transverse  by  more  than  one-third  ; often,  as  in  Phat- 

cogale  and  Dasyurus  viverrinus, 
by  only  one-fourth  of  its  own  ex- 
tent ; and  the  oesophagus  enters  at 
the  middle  of  the  lesser  curvature, 
or  sometimes  nearer  the  pylorus, 
but  always  leaves  a large  hemi- 
spherical cul-de-sac  on  the  left 
side.  Daubenton'  has  given  illus- 
trations of  this  characteristic  form 
of  the  stomach  in  different  species 
of  Didelphys ; it  is  here  figured  as 
it  exists  in  the  Phascogale,  fig.  309. 
The  stomaeh  is  relatively  much 
more  capacious  in  the  carnivorous 
Marsupials  than  in  the  carnivorous 
Placcntals.  Some  slight  modifica- 
tions occur  in  the  disposition  of  the 
lining  membrane ; in  the  Phasco- 
gale a series  of  very  thick  rugas 
radiate  from  the  middle  of  the 
upper  part  of  the  cmcal  end  of  die 
stomach,  some  of  which  were  con- 
tinued along  die  lesser  curvature 
to  the  pylorus.  In  the  Peramdes 
nasuta  the  intcriuU  surface  of  the  left  cul-de-sac  is  smooth ; the 
right  half  of  the  stomach  has  ruga;,  running  chiefly  in  a longitu- 
dinal direction,  and  particularly  numerous  towards  the  pylorus. 

' cxxii",  tom.  X,  pi.  48,  fig.  I. 
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The  stomach  in  the  Wombat  and  Koala  does  not  materially 
differ  in  external  figure  from  that  of  the  above-cited  Marsupials  ; 
the  ccBophagus  terminates  nearly  midway  between  the  right  and 
left  extremities,  but  further  from  the  pylorus  in  the  Wombat 
than  in  the  Koala.  The  conglomerate  gastric  gland  is  of  a flat- 


tened ovate  form,  relatively 
larger  in  the  Wombat  than 
in  the  Koala,  situated  to  the 
left  of  the  cardiac  orifice,  at 
the  lesser  curvature  of  the 
stomach,  fig.  310.  The  gas- 
tric gland  has  a similar 
position  in  the  Beaver,  but 
in  this  animal  the  excretory 
orifices  of  the  gland  are  ar- 
ranged in  three  longitu- 
dinal rows,  while  in  the 
Wombat  and  Koala  they 
are  scattered  irregularly ; 
in  the  Wombat  they  are 


310 


Htoniacb  of  tbc  'Wombat,  Inverted. 


about  thirty  in  number,  and  the  bottoms  of  the  larger  depressions 


are  subdivided  into  smaller  cells.  In  the  partially  contracted 


state  the  inner  membrane  of  the  stomach  of  the  Wombat  is  dis- 


posed in  longitudinal  rugic, 
which  gradually  subside  to- 
wards the  pylorus ; but 
when  the  stomach  is  dis- 
tended these  folds  disap- 
pear, and  the  left  extremity 
presents  a full  globular 
form. 

The  sacculated  stomach 
of  the  Kangaroo,  which 
offers  the  extreme  modifica- 
tion of  this  organ  in  the 
Marsupial  order,  resembles 
the  human  colon  both  in  its 


311 


Stomach  of  the  Kotiiproo. 


longitudinal  extent,  structure,  and  disposition  in  the  abdomen. 
In  a full-grown  female  Kangaroo  {Macropus  major)  I found 
the  abdominal  oesophagus,  fig.  311,  a,  four  inches  long,  and  ter- 
minating at  six  inches  distance  from  the  left  extremity  of  the 
stomach : this  was  folded  forward  and  to  the  right  in  front  of 
the  oesophagus  ; from  the  basis  of  the  left  cul-de-sac  the  stomach 
continued  to  expand,  and  descended  into  the  left  lumbar  and 
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iliac  regions,  whence  it  stretched  upward  and  to  the  Tight  side 
obliquely  across  the  abdomen,  to  the  right  hypochondrium,  where 
it  became  contracted  and  finally  bent  downward  and  backward 
to  terminate  in  the  duodenum.  The  whole  length  of  the  stomach, 
following  its  curvatures,  was  three  feet  six  inches,  equalling  that 
of  the  animal  itself  from  the  muzzle  to  the  vent. 

The  cavity  may  be  regarded  as  consisting  of  a left,  a middle, 
and  a right  or  pyloric  division.  The  left  extremity  of  the 
stomach  is  bifid,  and  terminates  in  two  round  cul-<le-8acs.  The 
sacculi  of  the  stomach  are  produced,  like  those  of  the  colon,  by 
three  narrow  longitudinal  hands  of  muscular  fibres,  which  gradu- 
ally disappear,  together  wdth  the  sacculi  at  the  pyloric  division. 
One  of  the  longitudinal  bands  runs  along  the  greater  curvature, 
at  the  line  of  attachment  of  the  gastro-colic  omentum  ; the  others 
commence  at  the  base  of  the  left  tcnninal  pouches,  and  run,  one 
along  the  anterior,  the  other  along  the  jmstcrior  side  of  the  sto- 
m.ach  : the  interspace,  between  these  bands,  forming  the  lesser 
curvature  of  the  stomach,  is  not  sacculate<l.  The  largest  of  the 
two  terminal  sacculi,  d,  fig.  310,  is  lined  with  an  insulated  patch 
of  vascular  mucous  membrane,  which  is  continued  for  the  extent 
of  five  inches  into  the  cardiac  cavity  ; the  thick  epithelium  is 
continued  from  the  cesojdiagus  in  one  direction  into  the  nearest 
and  smallest  sacculus,  c,  and  extends  in  a sharj>- pointed  fonn  for  a 
considerable  distance  in  the  opjmsite  direction  into  a series  of 
sacculi  in  the  middle  compartment  of  the  stomach,  ib.  ri  this 
epithelium  is  quite  smooth.  The  vascular  mucous  surface  re- 
commences by  a point  at  the  great  curvature,  near  the  beginning 
of  the  middle  comi)artment,  and  gradually  expands  until  it  forms 
the  lining  of  the  whole  inner  surface  of  the  right  half  of  the 
stomach.  Three  rows  of  clusters  of  mucous  follicles,  ib.  <f,  t/, 
arc  dcvelo|>e<l  in  the  mucous  membrane  of  the  pyloric  half  of  the 
middle  compartment;  they  are  placed  parallel  with  the  longi- 
tudinal muscular  bands:  aliout  fifteen  patches  are  situatisl  along 
the  greater  curvature,  and  there  arc  nine  in  each  of  the  anterior 
and  jHistcrior  rows.  These  glandul.ar  jtatches  disappear  alto- 
gether in  the  pyloric  compartment  of  the  stomach,  where  the 
lining  membrane  is  thickened,  and  finely  corrugated  ; but  imme- 
diately beyond  the  pylorus  there  is  a circular  mucotis  gland 
three-fourths  of  an  inch  broad : the  non-saeculated  jtyloric  divi- 
sion of  the  stomach  was  five  inches  in  length. 

In  the  smaller  species  of  Kangaroo  the  stomach  is  less  comj)li- 
catc<l  than  in  the  Marropus  tiwjor;  the  number  of  sacculi  is 
fewer : in  Mnernpus  pnrri/i,  e.  g.,  the  third  longitudinal  band  at 
the  great  curvature  of  the  stomach  is  almost  obsolete:  in  the 
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13rusli-tailcd  or  Rock  Kangaroo  {Macropus  penicillatus')  the  car- 
diac extremity  terminates  in  a single  subclavate  cul-de-sac : the 
lesophagus  opens  into  the  middle  division  of  the  stomach,  close 
to  the  j)roduced  crescentic  fold  which  separates  it  from  the  cardiac 
compartment.  In  the  great  Kangaroo  a second  slighter  fold  is 
continued  from  the  right  side  of  the  cardiac  orifice  parallel  with 
the  preceding,  and  forming  with  it  a canal,  somewhat  analogous 
to  that  in  the  true  ruminating  stomachs,  and  along  which  fluids, 
or  solid  food  not  requiring  i)revious  pre]>aration  in  the  cardiac 
cavity,  might  be  conducted  into  the  middle  compartment. 

I have  more  than  once  observed  the  act  of  rumination  in  the 
Kangaroos  kept  in  the  vivarium  of  the  Zoological  Society.  It 
does  not  take  place  while  they  are  recumbent,  but  when  the 
animal  is  erect  upon  the  tripod  of  the  hind  legs  and  tail.  The 
abdominal  muscles  arc  in  violent  action  for  a few  seconds,  the 
head  is  then  a little  depressed,  and  the  cud  is  masticated  by  a 
rapid  rotatory  motion  of  the  jaws.  This  act  is  by  no  means  re- 
peated in  the  Kangaroos  with  the  same  frequency  or  regularity 
as  in  the  true  Ruminants.  A fact  may,  however,  be  noticed  as  an 
additional  analogy  between  them ; balls  of  hair,  cemented  by 
mucus,  adpressed  and  arranged  in  the  same  direction,  arc  occa- 
sionally formed  in  the  stomach,  of  which  I have  met  witli  two, 
of  an  oval  shape,  in  the  Macropus  parryi. 

In  the  genus  Hypsiprymnus  the  stomach  is  as  singularly  com- 
plicated as  in  the  Kangaroos,  and  the  complication  is  essentially 
the  same  in  both ; arising  from  the  sacculation  of  the  parictes  of 
a very  long  canal  by  a partial  disposition  of  shorter  bands  of 
longitudinal  fibres ; but  in  the  Potoroos  this  sacculation  is  con- 
fined to  that  part  of  the  stomach  which  lies  to  the  left  of  the 
msophagus,  while  the  right  division  of  the  cavity  has  the  ordinary 
fonn  and  structure  of  the  pyloric  moiety  of  a simple  stomach. 
The  left  or  cardiac  division  is  enormously  developed  ; in  relative 
])rojxirtion,  indeefl,  it  is  surpassetl  only  by  the  true  ruminant 
stomachs,  in  which  both  the  rumen  and  reticulum  are  expansions 
of  the  corresponding  or  cardiac  moiety  of  the  stomach.  The  re- 
lation of  the  stomach  of  a Potoroo  to  that  of  a Kangaroo  may  be 
concisely  expressed  by  stating  that  the  termination  of  the  ocso- 
jdiagus  in  the  former  is  removed  from  the  commencement,  or  left, 
of  the  middle  sacculated  compartment  to  its  termination. 

When  fluid  is  injected  into  the  stomach  of  a dead  Potoroo,  it 
distends  first  the  pyloric  division ; it  is  prob.ably  by  a kind  of 
antiperistaltic  action  that  the  aliment  is  propelled  into  the  long 
sacculated  caecum  to  the  left  of  the  oesophagus. 

Having  seen  that,  with  the  exception  of  the  Potoroos  and  Kan- 
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garoos,  the  stomach  is  simple  in  the  Marsupialia,  presenting  only 
some  additional  mucous  glands  in  the  Koala  and  Wombat,  it  is 
to  the  succeeding  parts  of  the  alimentary  canal  that  we  have  to 
look  for  those  modifications  which  should  correspond  wdth  a vege- 
table, a mixed,  or  an  animal  diet ; and  never  perhaps  was  a 
physiological  problem  more  clearly  illustrated  by  comparative 
anatomy  than  is  the  use  of  the  caecum  coli  by  the  varying  con- 
ditions which  it  presents  in  the  present  group  of  Mammalia. 

In  the  most  purely  carnivorous  group  of  the  Marsupial  order 
the  stomach  presents  in  the  magnitude  of  the  left  cul-de-sac  a 
structure  better  adapted  for  the  retention  of  food  than  we  find  in 
the  stomachs  of  the  corresponding  group  in  the  placental  series. 
In  the  most  strictly  carnivorous  Fera,  as  the  cat-tribe,  there  is  a 
cascum,  though  it  is  simple  and  short ; but  in  the  Marsupial 
Sarcophaga'  this  part  is  entirely  wanting,  and  the  intestinal  canal, 
short  and  wide,  is  continued,  like  the  intestine  of  a reptile,  along 
the  margin  of  a single  and  simple  mesentery  from  the  pylorus  to 
the  rectum.  The  jejuniun,  in  the  Thylacine,  has  a diameter  of 
hvo  inches  and  a half. 

In  the  entomophagous'  Marsupials,  some  of  which  are  suspected 
with  reason  to  have  a mixed  diet,  the  intestinal  canal  is  relatively 
longer;  the  distinction  of  small  and  large  intestine  is  established ; 
and  the  latter  division  commences  with  a simple,  moderate-sized, 
Bubclavate  caecum,  fig.  312. 

In  the  carpophagous*  Phalangers,  whose  stomach  resembles  that 
of  the  predatory  Dasyure,  the  compensation  is  made  by  a longer 
intestine,  but  principally  by  the  extraordinary  length  of  the 
ciccum,  which  in  some  species  is  twice  that  of  the  body  itself. 

312  313  314 

OiTum  of  tlir  OttoMum. 

Lastly,  in  the  Koala, 
which  is,  perhaps,  a more 
strictly  vegetable  feeder 
than  the  Petaurists  or 
Phalangers,  the  cascuin, 
fig.  313,  is  more  than  'vo.m  K,ni,.  cnruo.oni,tKtDrmH.. 

three  times  the  length  of  the  animal,  and  its  essential  part, 

' lAXiV  ami  i.sxx',  p.  330, 
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the  inner  secreting  membrane,  is  further  augmented  by  about 
a dozen  longitudinal  parallel,  or  nearly  parallel,  plaits,  which 
are  continued  from  the  colon  three-fourths  of  the  way  towards 
the  blind  extremity.  When  we  reflect  that  the  Sloth,  which  has 
the  same  diet  and  corresponding  habits  with  the  Koala,  has 
a singularly  complicated  stomach,  but  no  caecum,  the  vicarious 
oflSce  of  this  lower  blind  production  of  the  digestive  tube  as  a 
subsidiary  stomach  is  still  more  strikingly  exemplified.  In  the 
Marsupials  with  sacculated  stomachs  the  cascum 
coli  is  comparatively  short  and  simple.  In  the 
Potoroos,  which  scratch  up  the  soil  in  search  of 
larvae  and  farinaceous  roots,  it  is  shorter  than  in 
the  great  Kangaroos  which  browze  on  grass. 

There  is  a slight  tendency  to  sacculation  at  the 
commencement  of  the  caecum  in  the  latter  Mar- 
supials, by  the  development  of  two  longitudinal  cmm  m the 
bands,  fig.  314.  In  the  Wombat  the  caecum  is 
extremely  short,  but  wide ; it  is  remarkable  for  being  provided 
wth  a vermiform  appendage,  fig.  315.  In  this  animal,  how- 
ever, the  colon  is  relatively  longer,  larger,  and  it  is  puckered 
up  into  sacculi  by  two  broad  longitudinal  bauds.  In  the  speci- 
men dissected  by  me,  one  of  these  sacculi  was  so  much  longer 
than  the  rest  as  to  alitiost  merit  special  notice  as  a second  caecum. 

The  most  interesting  peculiarity  which  the  Zoophagous  Mar- 
supials exhibit  in  the  disposition  of  their  simple  intestinal  canal, 
consists  in  its  being  suspended  from  the  very  commencement  of 
the  duodenum  on  a simple  and  continuous  mesentery,  like  the 
intestine  of  a carnivorous  reptile.  The  duodenum  makes  the 
ordinary  fold  on  the  right  side,  but  it  is  not  tied  to  the  spine  at 
its  termination;  the  commencement  of  the  jejunum  may,  however, 
be  distinguished  by  a slight  twist  of  the  mesentery,  and  a fold  of 
peritoneum  is  continued  from  the  lowest  curve  of  the  loop  of  the 
duodenum  to  the  right  iliac  region,  as  in  the  Kangaroos.  The 
intestine  is  a little  narrower  at  its  middle  part  than  at  its  two 
extremes ; the  tunics  increase  in  thickness  towards  the  rectum. 
There  is  a zone  of  glands  at  the  commencement  of  the  duodenum. 

In  the  Entomophagans  ' the  duodenum  is  tightly  connected  to 
the  spine,  where  it  crosses  to  be  continued  into  the  jejunum : from 
this  part  the  mesentery  is  continued  uninterruptedly  along  the 
small  Intestines  and  colon  to  the  rectum ; so  that  although  the 
caecum  is  generally  found  on  the  right  side,  its  connections  are 
sufficiently  loose  to  admit  of  a change  of  position.  In  the  Carpo- 

' See  lxxit',  for  chnracter*  of  these  families  of  Mareupialui. 
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phagans  ' the  pygmy  Petauriat  {Acrobatcs)  shows  the  duodenum 
attached  to  the  spine  as  in  the  opossums,  but  it  is  not  tietl 
down  to  the  right  iliac  region  by  a fold  of  peritoneum  continued 
from  the  convexity  of  its  depending  curve.  The  caecum  is  dis- 
posed in  a spiral  curve  in  the  left  lumbar  region ; the  colon 
ascends  a little  way  in  front  of  the  stomach,  receiving  a branch 
of  the  superior  mesenteric  artery,  and  is  then  continued  straight 
down  to  the  anus ; again  exemplifying  the  oviparous  character  bj' 
the  shortness  of  the  large  intestine.  In  the  Pet.  taguanoidet  the 
duodenum  is  tied  down  to  the  iliac  region,  as  in  the  Dasyure  ; 
the  caecum  is  four  inches  long,  and  the  colon  is  relatively  longer 
than  in  Acrobates  ; it  makes  the  tour  of  the  abdomen  much  as  in 
Man,  but  is  continued  into  the  rectum  without  forming  a sigmoid 
flexure.  In  the  Phalangers  the  duodenum  winds  round  the  root 
of  the  mesentery,  descending  pretty  low  down  on  the  right  side, 
and  becoming  a loose  intestine  or  jejunum  on  the  left  side.  The 
long  caecum  is  suspended  by  a broad  duplicature  of  peritoneum 
continued  from  the  mesocolon ; and  the  colon  is  closely  attached 
at  its  transverse  arch  to  the  duodenum  and  root  of  the  mesentery. 
In  the  Koala  the  ca:cum  and  large  intestines  arrive  at  their 
maximum  of  development.  The  duodenum  commences  with  a 

small  pyriform  sacculus 
nearly  an  inch  in  breadth, 
and  soon  contracts  to  a 
diameter  of  five  lines, 
which  is  the  general  calibre 
of  the  small  intestines.  The 
largo  intestines,  where  the 
ileum  terminates,  have  a 
diameter  of  two  inches. 
The  end  of  the  ileum,  fig. 
316,  a,  protrudes  for  the 
extent  of  a quarter  of  an 
inch  witliin  the  cajcum, 
forming  a very  effectual 
valve  ; near  this  part  there 
arc  two  wide  and  deep  glandular  fossas:  the  longitudinal  valvulm 
conniventes  of  the  large  intestines  have  already  been  noticed. 

In  the  Potoroos  the  small  intestines  are  disposed  ncai'ly  as  in 
the  Phalangers;  the  short  and  wide  cxeum  lies  in  the  right 
hypugastrium : the  colon  makes  the  usual  tour  of  the  abdomen, 
but  is  disposed  in  long  convolutions  through  its  whole  course, 

' LXXIV'. 
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lleo-ra>cnl  v»lre,  Konls.  Half  )t«  natural  Kite. 
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being  suspended  on  a broad  mesocolon.  The  diameter  of  both 
small  and  large  Intestines  is  nearly  the  same : in  Hyps,  setosus  1 
found  this  to  be  half-an-iuch. 

In  the  great  Kangaroo  the  descending  portion  of  the  duodenum 
is  attached  posteriorly,  by  means  of  a thin  peritoneal  duplicaturc, 
to  the  spine,  and  anteriorly  to  the  ascending  colon  : it  makes  an 
abrupt  turn  upon  itself,  and  a fold  of  peritoneum  is  continued 
from  the  convexity  of  the  curve  to  the  right  iliac  region.  The 
small  intestines  are  strung  in  short  folds  on  a rather  narrow  me- 
sentery. The  caecum  is  in  part  suspended  from  the  same  me- 
senteric fold.  The  colon,  besides  its  posterior  connections  with 
a mesocolon,  is  attached,  as  before  observed,  to  the  duodenum ; 
and  also,  by  means  of  the  great  omentum,  pretty  closely  to  the 
stomach,  whence  it  passes  down,  forming  many  large  and  loose 
convolutions,  to  the  rectum,  being  attached  by  a broad  mesocolon 
to  the  left  hypochondriac  region. 

The  zone  of  glands  at  the  commencement  of  the  duodenum  has 
been  already  noticed ; they  are  present  in  other  Marsupials,  even 
in  the  most  carnivorous  species.  The  villi  of  the  small  intestines 
in  the  Kangaroo  are  of  moderate  length,  compressed  and  close- 
set.  Glandulse  aggregatte  are  arranged  in  narrow  patches  in  the 
ileum.  There  are  seven  groups  of  similar  follicles  in  the  ca;cum  ; 
and  a few  long  and  narrow  patches  of  glands  occur  in  the  colon 
intermingled  with  numerous  glandulic  sulitarise;  the  surface  of 
the  rest  of  the  lining  membrane  of  the  large  intestine  is  disposed 
in  a very  fine  net-work. 

Two  faint  longitudinal  bands  extend  along  the  first  ten  inches 
of  the  colon  and  are  continued  along  two-thirds  of  the  ca;cum : 
the  sacculi  produced  by  these  bands  are  but  very  feebly  marked. 
The  contents  of  the  ctecum  in  the  great  Kangaroo  are  of  a 
pultaceous  consistence,  and  the  mass  continues  undivided  along 
the  first  two  feet  of  the  colon,  gradually  becoming  less  fluid  and 
then  beginning  to  be  separated  into  cubical  fajces  about  an  inch 
square.  The  diameter  of  the  large  intestine  in  this  species  ex- 
ceeds very  little  that  of  the  small  intestines. 

In  all  the  Marsupials  two  sebaceous  follicles  open  into  the 
termination  of  the  rectum.  The  anus  has  its  proper  sphincter, 
but  is  also  surrounded,  in  common  with  the  genital  outlet,  by  a 
larger  one.  When  the  penis  is  retracted,  the  fieecal,  urinary, 
and  genital  canals  all  terminate  within  a common  external 
outlet ; so  that  in  the  literal  sense  the  Marsupials  are  monotre- 
matous. 

The  following  is  a table  of  the  length  of  the  intestinal  canal, 
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and  its  parts,  as  compared  with  the  body,  in  a few  species  of  the 
different  families  of  Marsupialia : — 


SPECIES. 

Dndj  from 
•noat  to 

veot. 

oiual  with 
r.»run». 

Small 

tnieaCinea. 

I«arffe 

lnt«atlnct. 

Cveom. 

ft. 

Inch. 

n. 

Inch. 

ft. 

iuch. 

ft. 

Inch. 

ft. 

Inch. 

Thytacinui  Harrisii  . . 

3 

4 

9 

8 

PkaacogaU  fiavipfa  . . . 

0 

5 

0 

14 

I)<i8yuru$  macrurus  . . 

1 

4 

5 

0 

Prrameles  nasuta  . . . 

1 

4 

3 

5 

2 

5 

0 

9 

0 

3 

Ihdelphyi  Philander  . . 

0 

0 

3 

5 

I 

II 

1 

2) 

0 

4 1 

Pftaunu  pyqmtBH4  . . . 

0 

2) 

0 

6il 

0 

5 

0 

0 

I 

Phalanyuta  vulpina  . . 

1 

8 

24 

lU 

II 

0 

9 

0 

4 

10 

Ditto 

1 

7 

18 

8 

0 

9 

G 

lU 

2 

I 1 

Phaacolarctos  fuscut  , . 

1 

II 

24 

0 

7 

8 

lU 

5 

6 

* 1 

H'jptiprymnttt  Betoaus  , . 

1 

0 

a 

0 

2 

5 

2 

6 

0 

2 ' 

^iacropui  major  . , . 

3 

3 

32 

0 

22 

0 

9 

0 

I 

* 1 

PhoACtdomys  rombatus  . 

2 

6 

25 

6 

II 

3 

14 

2 

0 

I ' 

§ 226.  Alimentary  canal  of  Rodentia. — In  relation  to  the  de- 
3,^  gree  of  comminution  of 

the  food  and  in  continua- 
tion of  the  character  of 
the  fauces  the  oesophagus 
is  narrow  in  all  Rodents 
and  is  usually  continued  a 
short  way  into  the  al>di>- 
men  before  opening  into 
the  stomach.  The  posi- 
tion of  the  cardin  is  at  or 
near  to  the  middle  of  the 
uj)per  curvature  (fig.  .317, 
/,  Rat,  fig.  .318,/,  y.  Vole) 
as  in  Marsupials,  and  the 
iiKxlifications  of  the  ali- 
mentary canal  in  relation 
to  the  nature  of  the  fooxl 
arc,  also,  manifested  chiefly 
in  the  ca'cum.  The  left 
end  of  the  stomach  com- 
monly projects  beyond  the 
pylorus,  fig.  .317,  d,  fig. 
.318,  b’.  and  it  is  not  unusual  to  find  both  ‘ blind  sacs  ’ marked 
off  by  transverse  constrictions  from  the  mid-part  of  the  cavity, 
fig.  317,  b.  The  flpsophageal  epithelium  is  usually  continued 
upon  the  inner  surface  of  the  cardiac  compartment,  ib.  a.  lu 
the  Porcupine,  which  shows  well  this  tri|iartite  type  of  stomach. 


IntettiDAl  carml.  with  |>n>i'cr  »ti(t  •ui«t>leiuviii:tr7 
•Comncti*  (if iM  JKoUna).  cxail'. 
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the  pyloric  aperture  is  much  larger  thau  the  cardiac  one  and  is 
bounded  toward  the  left  side  by  a valvular  ridge. 

In  the  Squirrels  {Sciurm)  the  stomach  is  of  a pyriform  or 
oval  shape,  quickly  contracting  to  a conical  or  cylindrical  por- 
tion, which  is  bent  upon  the  small  curve  and  terminates  in  the 
pylorus.  The  cardiac  compartment,  which  projects  far  to  left 
beyond  the  oesophagus,  is  lined  with  a thick  epidermis,  which 
forms  two  oval  lips,  as  it  is  prolonged  around  the  opening  into 
the  second  compartment,  the  lining  membrane  of  which  is  gastro- 
mucous. 

In  the  Hamsters  (Cricetut)  the  stomach  is  divided  into  two 
pouches,  separated  by  a deep  constriction;  the  left  ptouch  is 
cylindrical,  the  right  globular.  The  cardiac  orifice  is  situated  in 
the  constriction,  so  that  food  can  pass  at  once  into  the  pyloric 
compartment  and  be  antiperistaltically  moved  and  stored  in  the 
cardiac  division. 

In  the  Kat(J/u«  decumanui)  the  abdominal  part  of  the  gullet, 
fig.  317,/,  is  inches  long,  and  carries  forwai^  a fold  of  peri- 
toneum. The  cardiac  compartment,  ib.  a,  has  thin  coats  and  is 
lined  by  an  epithelium  which  usually  gives  it  a whiter  colour  than 
the  rest  of  the  organ.  At  the  midpart,  ib.  b,  there  is  a tendinous 


318  319 


Stomach  of  the  Watcr-rolc.  cxxii'.  Stomal  of  the  Lomatnf.  Itmcr  sartace. 

CXUIII". 


patch  from  which  muscular  fibres  radiate,  as  in  the  bird’s  stomach  : 
the  muscular  coats  of  the  pyloric  division,  d,  are  thicker,  as  is  also 
the  gastro-vascular  lining  membrane. 

In  the  Water-vole  (Arvicola  amphibius)  the  cardiac  and  middle 
compartments  form  one  elongated  cavity,  fig.  318,  a,  f,  sepa- 
rated by  a constriction  from  the  pyloric  portion,  b.  This  swells 
out  in  two  directions,  above  into  a small  sacculus,  e,  the  coats  of 
which  are  thin,  like  those  of  /,  and  below  into  the  true  digestive 
pvloric  part,  with  a thicker  muscular  tunic  and  gastro-vascular 
lining  membrane.  The  epithelial  lining  of  a,f,  terminates  by  a 
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fringed  margin.  The  Lemmings  have  a similar  type  of  stomach, 
complicated  witli  a slight  subdivision,  fig.  319,  c,  of  the  right  com- 
partment, near  the  pylorus,  where  the  thicker  glandular  lining 
graduates  into  the  thin  smooth  mucous  membrane  of  the  supra- 
pyloric  sac,  e.  From  the  cardiac  orifice  a pair  of  ridges  curve 
toward  the  pyloric  division,  defining  a groove  or  canal,  f,  ana- 
logous to  that  which  will  be  shown  in  the  Ruminants ; the  border 
of  the  epithelium  of  the  cardiac  half  is  well-defined  and  some- 
times fringed.  The  gastric  tubes  of  the  compartment,  b,  are  so 
complex  as  to  give  the  character  of  a gland  to  the  lining  mem- 
brane. 

In  the  Beaver  ( Castor)  the  stomach  is  transverse  and  elongated 
in  that  direction,  the  right  portion  being  larger  than  that  which 
is  situated  to  the  left  of  the  cardia ; the  oesophagus  is  inserted 
into  the  first  third  of  its  anterior  margin  by  a narrow  opening, 
surrounded  with  pointed  processes,  which  are  analogous  to  the 
fringes  formed  by  the  epithelium  in  many  other  Rodents.  On 
the  right  of  the  oesophagus,  at  the  lesser  curvature  of  the  stomach, 
is  a gastric  gland  composed  of  numerous  branched  follicles,  the 
blind  ends  of  which,  when  exposed  by  removal  of  the  muscular 
coat,  give  the  gland  a lobulated  surface : the  orifices  of  the  gland.s 
are  arranged  on  slight  ridges  in  three  longitudinal  rows  on  a flat 
tract  of  the  inner  surface.  On  the  right  of  these  orifices  com- 
mences the  pyloric  portion,  the  termination  of  which  Ls  indicated 
by  an  external  constriction,  and  by  an  internal  thickened  ring : 
the  pylorus  is  approximated  to  the  cardiac  orifice.  This  pyloric 
portion,  which  is  more  muscular  than  the  rest,  is  sometimes 
dilated  into  a distinct  pouch,  separated  by  a constriction  from  the 
jiyloric  cul-de-sac.  The  internal  membrane  presents  everywhere 
the  same  appearance,  except  that  in  the  pyloric  portion  it  appears 
to  be  more  smooth,  and  its  folds  take  a different  direction.  On 
the  right  of  the  cardia  there  is  a very  thick  fold,  separating  the 
left  from  the  right  compartment.  In  the  Dormouse  {Afi/oxus 
(/Its)  and  Muscardine  {Af.  avellanarius)  similar  follicular  glands 
are  aggregated  round  a dilated  termination  of  the  cesojihagus,  or 
cardiac  commencement  of  the  stomach,  like  the  ‘ proventriculus  ’ 
of  birds.'  We  have  here  a repetition  of  the  structure  noted  in 
the  Wombat. 

In  the  Cape  Mole  {Bathyerr/Hs)  the  abdominal  cesoj)hagus  is 
an  inch  in  length  and  terminates  midway  between  the  two  ends 
of  the  stomach.  The  right  compartment  is  of  enormous  size, 
elongated  and  pierced  at  its  base  by  the  cardiac  orifice  ; the  left 
‘ XX.  voL  i.  p.  181,  No.  590  a. 
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compartment  is  of  smaller  dimensions,  of  a globular  form,  and 
separated  from  the  preceding,  both  by  an  external  constriction 
and  an  internal  fold  of  the  mucous  membrane.  There  are,  more- 
over, two  additional  folds  nearer  to  the  pylorus,  which  seem 
to  form  a third  compartment.  The  Oryctere  ( Orycterus)  has  its 
stomach  slightly  different:  its  position  L«  more  longitudinal,  so 
that  the  left  compartment  is  anterior,  and  the  right  jsjsterior; 
the  pyloric  portion  is  short,  cylindrical,  and  directed  forward. 

In  Cnpromyg  Fournieri  the  oesophagus,  after  a short  course  in 
the  abdomen,  terminates  in  a stomach  six  inches  long,  about  2^ 
inches  from  the  left  end  : a |X)uch  of  the  same  extent  is  con- 
tinued from  the  right  of  the  pylorus,  which  is  situated  inches 
to  the  right  of  the  cardia. 

In  the  Coypu  { My<»potnmus)  the  stomach  closely  resembles 
that  of  Capromys,  being  of  an  oblong  figure,  both  extremities 
ha^-ing  pretty  nearly  the  same  volume ; the  cardiac  extremity 
projects  three  inches  beyond  the  entrance  of  the  narrow  oeso- 
phagus, and  the  j)yloric  sacculus,  a little  more  than  two  beyond 
the  pyloric  orifice.  The  stomach,  measured  in  a straight  line  from 
end  to  end,  is  7}  inches  ; its  greatest  dej)th  4^  inches. 

In  the  Agouti  (Dasyprorta  agouti),  with  a stomach  inches 
long,  the  constriction  dividing  it  into  cardiac  and  pj-loric  jK>r- 
tions  is  deep : the  latter  bulges  out  on  each  side  the  pvdorus  so 
as  to  make  the  duodenum  commence  from  a central  depres- 
sion. The  Pat;a  ( Coelogenys)  shows  the  same  structure.  In  an 
Acouchi  the  gastric  ex)nstriction  was  not  present  or  had  relaxetl. 
In  the  Capybara  the  abdominal  (esophagus  is  two  inches  in  extent : 
the  greater  curvature  of  the  stomach  is  sometimes  found  puckered 
into  sacculi  by  contraction  of  a band  of  longitudinal  fibres. 

In  the  Rabbit  and  Hare  ( Lepus,Ltia.)  the  stomach  is  roundish, 
bent  in  a quick  curve,  with  the  oesophagus  entering  nearer  the 
left  or  great  end  than  the  pyloric  end : the  left  end  atlheres  to 
j)art  of  the  abdominal  oesophagus:  it  is  usually  found  partially 
constricted  into  two  compartments,  the  pyloric  being  the  thickest 
and  most  muscular.  The  sides  of  this  division  have  a well-marked 
tendinous  patch. 

The  intestinal  canal  usually,  in  Rodents,  begins  by  a well-marked 
dilatation,  and  the  whole  duodenum  is  more  continuously  and 
hwsely  suspended  than  in  most  higher  Mammals.  In  the  Dormice 
( Myoxus)  which  hybemate  like  the  bear, there  is  no  cxcum.  In  the 
common  Mouse  and  Rat  {Mus,  fig.  317)  the  cscura,  h,  /,  is  short, 
wide,  and  bent ; the  colon,  p,  reduced  to  the  calibre  of  the  ileum, 
leaves  the  ca;cum,  like  the  duodenum  quitting  the  stomach.  The 
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fajces  begin  to  be  divided  in  the  colon,  by  constrictions  of  the  gut, 
as  in  the  figure  : the  rectum  runs  some  way  along  the  base  of  the 
tail  before  terminating.  The  small  intestines  are  five  times  tlie 
length  of  the  body,  the  large  intestines  once  that  length.  In 
the  Mole-rat  {Bathyergus)  the  ca*cum 
makes  a close  spiral  turn,  and  its  inner 
membrane  is  augmented  by  many  trans- 
verse folds.  The  caecum  is  of  greater 
length  in  the  Sciurides : in  the  common 
Squirrel  it  is  curved,  fig.  320,  c,  and 
divided  from  the  colon,  e,  by  a constric- 
tion close  to  the  termination  of  the  ileum. 
The  colon  is  wider  at  its  commencement 
than  in  the  Rats,  and  the  whole  intes- 
tinal canal  is  longer.  In  Sciurus  griseus 
the  small  intestines  are  seven  times,  the 
large  intestines  twice,  the  length  of  the 
body;  the  cajcum  is  half  that  length. 
In  the  Hamster  the  colon  describes  two 
direct  and  two  reflected  spiral  coils  at 
its  commencement,  decreasing  in  calibre, 
and  then  proceeds,  of  nearly  the  same 
diameter  as  the  ileum,  to  terminate  in 
the  rectum. ' In  the  Marmots  (Arctomyt) 
the  duodenum  passes  loosely  down  the 
right  side  until  its  attachment,  by  a 
mesentery  from  its  concavity,  to  the  first 
bend  of  the  colon,  behind  which  it  winds 
to  the  left;  and  after  an  attachment  to  the 
descending  colon  by  serous  layers  from 
its  convexity,  becomes  jejunum.  The 

CcTom  of  tbe  8t|UlrreL  cxxir.  , i i i 

long  and  large  cascum  has  a mesentery  ; 
its  inner  surface  is  multiplied  by  circular  folds,  indicated  outwardly 
by  constrictions  which  led  Hunter  to  compare  it  ‘ to  a quilted  pet- 
ticoat.’ * The  indication  of  the  low  grade  or  affinities  yielded  by 
the  termination  of  the  intestines,  is  thus  noted  in  the  present 
Lissencephalan: — ‘The  rectum  cannot  be  said  to  terminate  at  the 
verge  of  the  anus ; but  about  three-quarters  of  an  inch  higher  up, 
that  lower  part  seems  common  to  the  anus  and  to  a glandular  appa- 
ratus whose  ducts  open  into  it.  It  is  something  like  the  common 
vagina  to  the  bladder  and  uterus  in  fowls.’®  In  Capromgs  the  ileum 

' cxxji".  xxui.  p.  134,  pi.  XT.  ' ccxxxvi.  vol.  ii.  p.  242. 

• Ib.  p,  243. 
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ap]ilie8  an  expanded  termination  to  a much  smaller  orifice  at  the 
side  of  the  caecum : the  part  so  included  forming  the  valve.  The 
length  of  the  caecum  is  thirteen  inches : its  widest  circumference 
six  inches : its  parietes  are  puckered  up  by  two  longitudinal  mus- 
cular bands,  one  of  which  is  continued  a short  way  upon  the  colon. 
The  caecum  is  marked  off  from  the  colon  by  a valvular  structure 
similar  to  that  at  the  end  of  the  ileum  ; the  two  orifices  of  the  blind 
gut  being  analogous  to  the  cardia  and  pylorus  of  the  stomach.' 

In  the  Coypu  the  duodenum  commences  with  so  large  a dila- 
tation that  it  projects  toward  the  rrsophagus  like  a caecum ; its 
circumference  here  was  4^  inches ; the  decrease  is  gradual, 
and  where  the  biliary  duct  enters  the  circumference  is  three 
inches,  and  a little  distance  below  this  2^.  The  length  of  the 
small  intestines  is  sixteen  feet,  their  mean  circumference  1 J inches. 
The  caecum  is  large,  making  a circular  turn  at  its  base  and 
gradually  diminishing  in  volume : it  is  puckered  into  sacculi  by 
two  muscular  bands,  less  defined  toward  the  basal  part:  its 
length  is  one  foot  ten  inches,  its  greatest  circumference  eight 
inches.  The  ileum  terminates  in  a sort  of  sacculus  at  the  base  of 
the  caecum,  close  to  the  colon.  This  gut  begins  large,  but  gradu- 
ally becomes  narrow:  it  is  slightly  sacculated  for  a short  dis- 
tance : its  mean  circumference  2}  inches.  The  colon  makes  an 
abrupt  turn  from  the  c®cum,  and  after  a course  of  one  foot  five 
inches  suddenly  folds  ujwn  itself,  the  reflected  length  running 
down  for  the  distance  of  eleven  inches,  when  it  turns  as  suddenly 
back  again,  but  does  not  adhere  so  closely  to  the  preWous  fold  as 
that  to  the  first  length ; it  then  contracts  and  soon  proceeds  to 
constitute  the  rectum.  Near  the  end  of  the  first  loose  fold,  as  in 
Capromys,  the  Acces  begin  to  assume  a solid  form  in  separate 
oval  masses.  The  total  length  of  the  large  intestines  was  four 
feet  four  inches.  The  enormous  c®cum  of  the  Capybara  occu- 
pies almost  the  posterior  half  of  the  abdomen. 

The  parallel  course  of  the  arteries  along  the  coats  of  the  colon 
in  Hystricid<B,  Chinchillidae,  and  Ctenomyidat,  connected  at  dis- 
tant Intervals  by  transverse  branches,  without  other  ramification, 
is  worthy  of  remark.’  In  the  Porcupine  the  cacal  sacculi  are 
puckered  upon  three  longitudinal  bands,  two  of  which  are  con- 
tinued some  wav  along  the  colon.  In  the  Chinchilla  the  sacculi 
project  alternately  from  opposite  sides  of  the  cacum.  The  above- 
defined  general  form  of  large  intestines  in  vegetarian  rodents  is 
exemplified  in  fig.  321,  from  the  Water-vole.  Here  the  ileum 

' exxx".  p.  70,  tl  ttq.  for  further  details  of  the  alimentary  canal  of  this  rare  rodent. 

’ XX.  rol.  i.  p.  215,  No.  723,  c.  cxxxj”.  p.  22,  pi.  i. 
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terminates  at  the  base  of  the  sacculate  ctccum,  «;  the  slemler  ter- 
mination, q,  simulates  a vermifonn  appendage : the  colon  begins 
by  a pair  of  large  sacculi,  r,  but  quickly  contracts  to  the  calibre 

shown  at  g.  Two  oval 
patches  are  here,  as  usual, 
situated  on  either  side  of 
the  ileo-csBcal  valve.  In 
the  Leporidte  they  are 
lodged  in  a special  pouch, 
fig,  322,  f:  the  vascular 
mucous  membrane  of  the 
ca;cum,  in  these  herbivo- 
rous rodents,  is  augmented 
by  being  produced  into  a 
broad  fold,  disposed  spi- 
rally to  near  the  slender 
termination  of  the  capcum, 
d,  b,  which  is  glandular, 

(U>cum  uf  Ute  AnrlcuU  Aiu(>blbiU«.  cxxii*.  |«.  , . . 

like  the  vermiform  ap- 
pondage  in  Man.  Three  longitudinal  bands  extend  upon  the 
colon  ; but  two  of  these  become  blended  together  as  that  gut  con- 


322 


Cu'i'um  «>(  (tie  lUrr.  I'xxii*. 


tracts,  and  the  sacculi  ]>roject  from  one  side  only,  in  which  the 
ftccal  contents  begin  to  be  moulded  into  the  pellet-shaped  excre- 
inent.  After  the  colon  has  completed  its  first  long  fold,  returning 
to  near  its  commencement,  the  sacculi  disappear. 

Hesides  the  analogy  already  noted  between  the  orifices  of  the 
cwciim  and  those  of  the  stomach,  that  of  the  different  diameters  of 
the  entering  and  «nit-going  tubes  may  be  observed.  Comparative 
anatomy  concurs  witli  results  of  uixlesigiied  experiments,  as  in 
coses  where  artificial  ojK'nings  have  been  cstal>lishc<l  in  the 
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human  intestinal  canal,  in  showing  that  a change  to  gastric  diges- 
tion is  repeated  upon  the  food  in  the  cascum : chemistry  has,  also, 
shown  that  the  chyme  here  again  becomes  acidified,  after  having 
been  neutralised  by  bile  in  the  small  intestines. 

§ 327.  Alimentary  canal  of  Iniectivora. — In  this,  as  in  preceding 
orders,  the  oesophagus  is  usually  prolonged  some  way  into  the 
abdomen  before  its  termination.  My  examinations  of  the  stomach 
in  the  different  insectivorous  genera  lead  me  to  generalise  an  ap- 
proximate, rather  than  a remote,  relative  position  of  the  cardiac 
and  pyloric  orifices : ' the  form  of  this  viscus,  in  most,  accords 
with  that  in  Omithorhynchus,  fig. 

308,  b.  In  a Proboscis-shrew,  e.g. 

( Rhynchocyon,  Peters),  the  depth,  or 
diameter  of  the  stomach  in  the  axis 
of  the  abdomen,  exceeds  the  length, 
or  transverse  diameter : the  cardiac 
end  does  not  bulge  out  to  the  left  of 
the  gullet  so  much  as  in  Rodentia ; but 
there  is  usually  an  expansion  beyond 
and  to  the  right  of  the  pylorus,  and  the 
proximity  of  that  orifice  to  the  car- 
dia  leaves  but  a short  tract  answer- 
ing to  the  ‘ lesser  curvature  ’ of  the 
stomach,  fig.  323,  s.  The  form  of 

...  • r*  f I A » • Stutnach,  liver,  Ac.,  UbyiicluH>«^n.  Lxxxir'. 

this  VISCUS  m Solenodoni  Ampntsorexy 

Hydrosorex  fodiens,  and  Cladobates,  is  very  similar  to  that  in 
Rhynchocyon : in  all  Insectivora  the  duodenum  expands  to  much 
more  than  the  diameter  of  the  oesophagus.  In  our  small  native 
Shrews  the  shape  of  the  stomach  depends  much  upon  the 
quantity  it  happens  to  hold,  and  the  transverse  extent  prevails 
most  in  the  empty  state.  In  Sorex  araneus  the  cardiac  sac  pro- 
jects moderately  beyond  the  oesophagus ; in  S.  leucodon,  Hydro- 
sorex hermanni  and  Amphisorex  tetrayonurus,  the  cardiac  sac  as- 
sumes almost  rodent  pro|>ortions : in  many  Shrews  the  contracted 
pyloric  part  of  the  stomach  is  much  prolonged. 

In  the  Hedgehog  the  transverse  length  of  the  stomach  pre- 
vails over  the  depth : the  blind  end  to  the  left  is  less  produced 
than  in  the  above-named  Shrews : the  coats  of  the  narrow  pyloric 
end  are  thick.’ 

' * II  o#t  g^n^ralpmont  dispose  en  tmvere,  plus  ou  moins  along^  duns  ce  sens,  avfC 
Irs  orifices  distants.*  xii.  tome  iv.  p.  34.  See  also  lxih".  p.  100‘i. 

* Hunter  notes  that  ho  found  in  the  stomHchs  of  Hed^jehogs,  in  April,  gnjhs. 
with  a liUle  unchewwl  grass;  in  May,  June,  July,  and  August,  ' the  inseclt*  of  the 
season/  and  caterpillars  of  the  cabbage  (Picrw  Brassicte);  in  September  and  October, 
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In  the  Mole  the  abdominal  cesophagus  is  long  and  enters  the 
stomach  midway  between  the  two  ends : the  cavity, when  distended 
Mrith  the  worms  and  grubs  devoured  by  this  voracious  burrower, 
‘ fills  nearly  half  of  the  abdomen.’  ‘ In  the  Tenrecs  {^Centetes)  the 
cardia  and  pylorus  are  further  apart  than  in  most  Insectivora  : the 
cardiac  sac  is  less  prominent ; the  pyloric  end  is  bent  upon  itself. 

As  a rule  the  intestinal  canal  is  uniform  in  diameter,  and  devoid 
of  cacum  in  the  present  order : it  is  loosely  susj>ended  on  one  con- 
tinued peritoneal  fold  from  the  beginning  of  the  duodenum  to  the 
rectum.  In  the  common  Shrews,  fig.  359,  the  intestine  is  about 
four  times  the  length  of  the  body ; in  the  Hedgehog  about  six 

times,  in  the  Mole  seven  times,  that 
length.  The  Tupaias  and  some  of 
the  snouted-shrews  are  exceptions : 
in  the  former  ( Cladobates)  the  cacum 
is  simple,  straight,  about  an  inch  in 
length,  not  wider  than  the  major 
part  of  the  colon ; and  but  little 
wider  than  the  ileum.  Macrotce- 
lides  has  a long,  slender,  pedunculate 
cacum.  In  Rhynchocyon,  the  cacum, 
fig.  324,  c,  is  about  3 inches  long,  and 
is  twice  the  width  of  the  ileum,  ib.  i. 
The  colon,  of  similar  diameter  wth 
the  cacum,  forms  a short  double  bend, 
r,  r,  returning  upon  itself,  before  it 
is  continued  on  into  the  narrow  por- 
tion ending  in  the  rectum. 

The  lining  membrane  of  the  Mole’s  intestine  is  disposed, 
along  part  of  the  canal,  in  close-set  longitudinal  folds ; but  is  re- 
markable for  its  smoothness  and  absence  of  visible  villi.  The 
mucous  membrane  of  the  Hedgehog’s  intestine  is  beset  with 
minute  flat,  conical  villi,  changing  toward  the  end  of  the  canal 
into  a fine  reticulate  surface. 

§ 328.  Alimentary  canal  of  Cheiroptera. — The  Cheiroptera 
present  three  forms  of  stomach ; one  relating  to  vegetable  diet, 
another  to  the  times  of  taking  the  food  and  to  the  quantity  taken, 
a third  to  the  ordinary  capture  of  insects  during  flight.  The  latter 
relation,  which  prevails  in  the  order,  is  associated  with  a form  of 

elytra,  wings  and  legs  of  inserts,  including  those  of  tho  Scaralirvs  and  of  Geofrupet 
ulercnrariiu ; from  November  onward  to  March — the  hybemating  season — there  was 
no  food  in  the  stomach,  only  a little  creamy  mucus,  ccxxxvi.  vol.  ii.  p.  193. 

> lb.  p.  187. 
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Btomoch,  resembling  that  in  the  common  Shrew.  In  fig.  325,  the 
cavity  has  heen  inverted,  showing  the  ruga!  and  the  glandular 
character  of  the  gastric  membrane  at  the  pyloric  end.  The  differ- 
ence in  the  diameters  of  the  oesophagus  and  duo- 
denum are  also  shown.  In  the  Noctule  a small  “ 


part  of  the  right  end  of  the  stomach  projects  be- 
vond  the  pylorus.  In  Plecotus  communis  the  left 
end  of  the  stomach  becomes  somewhat  attenuated 


and  bent  up.  In  the  Vampires  (Desmodus)  the  Stomftrli  fnrrrtrdot 
cardiac  portion  is  produced  into  a long  intestini- 
form  reservoir,'  in  which  the  blood  is  stored  up, 
that  may  have  been  sucked  during  a night’s  adventure,  and 
transported  for  digestion  in  the  place  of  repose.  In  the  Ptero- 
pines  the  left  end  of  the  stomach,  fig.  326,  is  much  produced,  but 
in  a far  less  degree,  than  in  Desmodus.  It  is  sometimes  found,  in 
the  partially  distended  state,  divided  into  two  dilatations:  the 
extreme  one  smooth ; the  other,  nearer  the  cardia,  showing  rugas 
longitudinally  disposed : the  oesophagus  in  these  frugivorous  Bats 
is  wide  and  expands  near  its  termination.  To  the  right  of  this 
expansion  the  stomach  is  long  and  narrow,  bent  upon  itself,  and 
produced  into  a caecal  pouch  beyond  the  pylorus,  which  is 
extremely  small.  The  intestinal  canal  is  usually  devoid  of 
caecum ; but  the  colon  begins 
with  one  about  a quarter  of 
an  inch  in  length,  in  Rhi- 
nopoma  Hardwickii  and 
Megaderma  spasma.  The 
whole  intestine  is  barely 
thrice  the  length  of  the 
body  in  Vespertilio  muri- 
nus : in  a Pteropus  it  is 
nearly  seveA  times  that  length.  The  intestinal  villi  in  some  Bats 
are  close-set  foliaceous  processes,  and  form  extremely  beautiful 
microscopic  objects  when  injected.  In  RJiinolophus  the  lining 
membrane  presents  fine  transverse  folds. 

The  low  position  of  the  volant  and  terrestrial  Insectivora,  as  of 
Rodents  and  Marsupials  in  the  Mammalian  series,  is  shown  by 
the  loose  and  simple  mode  of  suspension  of  the  intestinal  canal. 


§ 329.  Alimentary  canal  of  Quadrumana. — The  Galeopitheci 
indicate  their  lemurine  affinities  by  their  long  and  large  caecum. 
The  oesophagus  opens  on  the  cardiac  side  of  the  middle  of  the 


' A good  figure  of  thin  modificatioo,  first  obser^'cd  by  Peters,  will  bo  found  in 
cxxxvi".  p.  388. 
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Hrnall  riirrature;  but  leaves  a well-marfce«l  ■‘emi-oval  poach  to 
the  left : the  pyloric  eml  loses  in  calibre  and  gains  in  thickness  of 
its  coats,  tlie  inner  one  projecting  in  wavy  longitudinal  folds  : the 
pylorus  is  a small  constriction.  In  a male  Galeopithecus  Tem- 
minrkii,  measuring  from  the  apex  of  the  nose  to  the  root  of  the 
tail  I f(X)t  4 inches,  the  small  intestines  were  4 feet  4 inches,  the 
csecum  1 inch,  the  large  intestines  7 feet  7 inches.' 

In  the  .\ye-aye  the  (esophagus  has  a course  of  about  a third  of 
an  inch  in  the  alslomen  before  terminating  at  the  cardiac  orifice. 
This  is  situated,  as  in  most  Lemurs,  nearer  the  pylorus  than 
the  cardiac  end.  The  stomach  is  of  a full,  subglobular  form  : the 
jiyloric  end  projects  about  half  an  inch  below  and  to  the  right  of 
the  pylorus.  A narrow  glistening  tract  of  fine  aponeurotic  fibres 
runs  parallel  with,  and  a little  below,  the  short  curvature  between 
the  cardiac  and  pyloric  orifices,  and  from  this  tract  the  fibres  of 
the  outer  muscular  layer  radiate.  A narrow  but  well-marked 
crescentic  fold  projects  into  the  cavity  from  the  lesser  curvature, 
four  lines  to  the  right  of  thecardia,  subsiding  about  an  inch  down 
the  fore  and  hind  walls : this  fold  app>ears  even  when  the  cavity 
is  fully  distended,  and  it  marks  out  internally  the  division  be- 
tween the  cardiac  and  j)yloric  compartments.  The  pylorus  is  a 
subcircular  aperture,  above  which  projects  a short  thick  longitu- 
dinal prominence.  The  duodenum,  after  its  usual  curve,  crosses 
the  spine  below  the  root  of  the  mesentery,  then  turns  up  the  left 
side  to  commence  the  three  principal  folds  of  the  small  intestine, 
on  the  border  of  the  mesentery,  by  which,  with  the  csecum,  they 
are  freely  susj)endcd.  A duplicature  of  peritoneum  is  continued 
from  the  end  of  the  duodenum,  and  from  the  lower  part  of  the 
beginning  of  the  colon,  to  the  first  lumbar  vertebra,  attaching 
them  thereto.  The  colon,  after  a course  of  .3  or  4 inches,  forms 
a long  narrow  fold,  5 inches  in  length,  then  passes  to  the  left, 
above  and  behind  the  root  of  the  mesentery,  and  descends  along 
the  left  lumbar  and  hypogastric  regions  to  form  the  rectum. 

The  small  intestines  are  rather  more  than  three  times  the  length 
of  the  body  : the  ca;ciim  is  about  one-fifth  that  length ; measuring 
2 inches  7 lines:  for  the  first  inch  it  is  10  lines  in  diameter,  but 
suddenly  contracts  to  a diameter  of  3 lines ; terminating  rather 
obtusely,  and  resembling  an  appendix  vermiformis;  but  this  Ls  not 
marked  off  by  any  valvular  structure  from  the  wider  part  of  the 
eajcum,  and  it  is  continued,  as  in  the  human  foetus,  directly  from 

* ‘ In  Mivonil  shot  on  tho  hills  at  Pirmng,  the  stomach  contained  vegt-fable  matt«.*r, 

uonmmins  of  insects.  In  coufiijcment  plantains  constitute  the  favourite  food.’ 

- p.  8. 
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tlie  end  of  tlie  wider  part,  or  caecum  proper.  The  large  intestines 
are  about  1 foot  10  inches  in  length.  The  colon,  moderately  dis- 
tended, is  1 inch  2 lines  in  diameter  at  its  commencement,  and 
gradually  decreases  in  width.  Beyond  the  first  enlargements  it  is 
not  sacculated,  but  is  slightly  puckered  on  a longitudinal  band, 
which  may  be  traced  a few  inches  from  the  beginning  of  the  gut, 
where  two  or  three  pouch-like  protrusions  appear  on  inflation. 
The  ileo-colic  aperture  is  slit-shaped,  bounded  by  two  low  ridges, 
that  next  the  caecum  being  must  produced.' 

This  tyj)€  of  ctecum  is  repeated  in  Slenops  javanicus  with  a longer 
and  narrower  ‘ vermiform  ’ termination  : ’ in  Stenops  turdigradus 


327 


this  part  is  shorter:’  in  Tarsius,*  Perodicticus,^  Otolicuiis,^  and 
the  Galagos,^  it  is  wanting,  and  a moderately  long  and  wide 
c»cum  terminates  obtusely,  without 
contracting : in  Galago  calabariensis 
it  is  comparatively  short : * in  Galago 
moholi,  with  a more  efficient  form  of 
molars  for  mastication,  the  caecum 
is  more  than  twice  the  length  in  pro- 
portion to  its  calibre,  and  it  is  puck- 
ered by  a mesenteriole  into  five  or 
six  short  folds,  fig.  327.  The  cardiac 
part  of  the  stomach  is  large  in  all 
Lemurines,  fig.  328,  a : but  the  py- 
loric part  rarely  protrudes  to  the  right  of  the  pylorus,  below  the 
beginning  of  the  gut.  The  duodenum  is  rather  shorter  in  true 

' cn'.  p.  42,  pi.  xiv.  * cxxrv".  p.  50,  pi.  ii.  fig.  IG.  * Lxxxni". 

* LXXXIV".  » i.xxxv".  • i.xxxvi''. 

' Lxxxvai".  pl.  xi.  fig.  1.  “ cxxxiv".  and  cxxxv",  p.  329,  fig.  9. 
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Lemurs  than  in  Galagos : the  cascum  was  7 inches  long  in  a 
Lemur  Mongoz ; it  was  loosely  suspended,  as  in  other  Lemu- 
ridts. 

In  the  small  Platyrhines  (^Alidas,  Jacchus)  the  oesophagus  is 
continued  a short  way  into  the  abdomen,  and  the  stomach 
resembles  that  in  Lemurida : the  duodenum  becomes  free  in 
passing  to  the  left.  The  cajcum  is  of  moderate  length,  cylindrical, 
curved:  two  longitudinal  bands  are  continued  from  it  along  the 
colon.  In  Jacchus  vulgaris  the  small  intestines  are  twice  the 
length  of  the  body,  the  large  intestines  once  that  length.  The 
cardiac  sac  of  the  stomach  is  large  in  all  Platyrhines,  but  the 
cardia  and  pylorus  are  less  approximate  in  the  larger  kinds. 
In  Ateles  and  Mycetes  Cuvier  notes  a tendency  to  sacculation 
along  the  great  curvature.  The  c®cum  is  4 inches  long  and 
1 inch  broad  in  Ccbus\  in  Ateles  it  is  subconical,  the  base  being 
next  the  colon.  In  Mycetes  the  caicum  is  proportionally  shorter, 
but  retains  the  simple  unsacculated  character. 

In  Cercopithecus  the  oesophagus,  with  a short  abdominal  course, 
opens  into  the  stomach  midway  between  the  left  and  right  ends : 

in  Macacus  and  Cynoce- 
phalus  the  left  sac  is  re- 
latively less : the  chief 
modification  is  presented 
by  the  Doucs,  or  those 
tailed  monkeys  which 
have  a fifth  tubercle  on 
the  last  lower  molar, 
and  are  without  cheek- 
jK)uches.  In  a Semno- 
pithecus  entellus  which 
measured  1 foot  8 inches 
from  the  mouth  to  the 
vent,  I found  the  sto- 
mach, fig.  329,  2 feet  7 
inches  along  the  greater 
curvature,  and  1 foot  along  the  lesser  curvature.  To  the  left 
of  the  cardia  it  forms  a large  and  sub-bifid  pouch':  the  middle  and 
widest  part  of  the  stomach  is  jtiickered  uj)  into  several  large 
sacculi : the  pyloric  portion  is  long,  narrow,  curved  and  sac- 
culated along  the  line  of  the  greater  curvature  to  within  one- 
third  of  the  distance  from  the  pylorus,  where  it  is  simple  and 
gradually  contracts  to  that  orifice  : the  vascularity  and  structure  of 
the  lining  membrane  of  the  third  division  indicates  it  as  the  chief 
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seat  of  true  cliwestion  ; the  wider  sacculated  divisions  Iiave  mainly 
a preparatory  and  a receptacuiar  function : a firm  epithelium  Ls 
not  continued  into  them  from  the  (esophagus:  the  greatest  cir- 
cumference of  the  dilated  stomach  is  I f<H>t.  The  stomach  of 
the  Siemnopithecus  fascicularis  Ls  similarly  com|>lex  hut  projfor- 
tionally  smaller:  as  are  also  tlu>sc  of  yasalis  larcalus  and 
Colobus  ursiiius ; In  which,  as  in  the 
Semnopitheci,  a narrow  band  of  longi- 
tudinal fibres,  continued  from  the  left 
end  along  the  greater  curve,  puckers 
up  the  tunics  into  the  larger  sacculi,  a 
second  band  along  the  lesser  curvature 
contributing  in  a minor  degree  to  this 
complexity.'  Evidence  of  the  accumu- 
lation and  detention  of  vegetable  fixal  is 
afforded  here,  as  in  Kuminants,  by  occa- 
sional ‘ bezoar  ’ concretions.  Oitruiii,  CXXII 

The  stomach  resumes  its  simple  form  in  tailless  apes:  in  which 
the  left  end  is  less  prominent  than  in  Macaci,  and  the  lesser 
curvature  is  of  greater  extent ; the  pyloric  division  is  longer, 
and  the  entire  form  less  globular:  in  the  Orang  the  j)yloric 
division  shows  a rather  abrupt  bend. 

The  lining  membrane  of  the  stomach 
when  in  a moderately  distended  state 
is  devoid  of  ruga;  in  all  Apes ; and 
the  small  intestines  are  without 
transverse  folds  of  the  mucous  mem- 
brane. The  cxcum  in  Catarhines 
is  always  shorter  than  in  Platy- 
rhines,  is  usually  wider  and  more 
or  less  sacculated.  In  some  sjiecies 
of  Cercopithecus  it  is  puckered  uj)  by 
four  lontntudinal  bands,  of  which  Curum  and  r,rnnf..rm  ap|,-nda«r, 

, • 1 I 11  CH.XII'. 

three  arc  continued  along  the  colon  : 

in  most  the  ca;cum  is  more  conical  in  shape  than  in  Macaetts,  the 
apex  being  narrower  and  more  jirolonged,  e.  g.  Cere.  Sabaus, 
fig.  330.  In  Ihjlobates,  fig.  331,  the  vermiform  aj)pcndagc  re- 
appears ; it  is  terminal,  and  in  some  species  short ; but  is  more 

* This  type  of  quadrumanous  stomach  was  di??coyered  in  an  undetermined  kind  of 
monkey  br  Wurmb,  in  178o;  and,  indcj)endently,  by  Otto,  in  a supposed  CVr<y<|rt- 
in  1824,  and  described  in  cxxxvii'^:  it  was  determined  to  be  characteristic  of 
the  natural  jfToop,  including  the  genera  StinnopUh^u9,  an«l  ColohuSf  in 

cxrxviti",  cxxxix",  cxj.",  and  cxli'', 

VOL.  III.  FF 
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difFerentiiited  as  such  by  its  glandular  tunic  and  marked  com- 
mencement than  in  Lemurida : the  appendix  is  terminal,  but  is 
long  and  convolute  in  the  Orangs  {Pithecus)  : in  the  Chimpan- 
zees {Troglodi/tes)  there  is  a more  marked  eonstriction  between 
the  appendix  and  the  ca;cum.  The  colon  is  sacculated  and  mo- 
derately long  in  all  Catarhines:  it  is  loosely  suspended  by  a 
broad  mesocolon,  and  only  in  tailless  apes  does  the  caecum  begin 
to  adhere,  through  an  incomplete  peritoneal  investment,  to  the 
right  hyjjogastric  region. 

§ 330.  Alimentary  canal  of  Bimana. — The  chief  characters  of 
the  canal  in  this  order  are  the  termination  of  the  gullet  almost  as 

soon  as  it  has  entered  the  ab- 
domen ; the  more  extensive 
and  closer  adhesion  of  parts  of 
the  alimentary  canal,  as  the 
duodenum,  cascum,  beginning 
and  end  of  colon,  to  the  abdo- 
minal walls,  which  relates  to 
the  erect  posture ; the  more 
definite  and  finished  character 
of  the  several  parts  of  the  canal ; 
and  the  modification  of  the 
lining  membrane  of  the  small 
intestines,  called  ‘ valvulaj  con- 
niventes,  ’ for  a more  com- 
plete and  efficient  extraction 
of  nutritious  matter  from  the 
chyme. 

The  stomach  presents  a 
greater  extent  transversely  to 
the  abdomen  than  in  Qnadru- 
rnana,  and  the  blind  left  end 
(‘  saccuscnecus,'  Haller)  is  less 
extended  and  expanded  than 
in  Monkeys  and  Lemurs,  the 
oesophagus  opening  more  to 
stomach  >Dd  intntint  un.  M the  uiuii  uuman  leaving  a more 

extensive  ‘ lesser  curvature,’ 
fig.  332,  c,  r.  Anthropotomy  distinguishes  the  ‘ cardiac  orifice,’ 
fig.  333,  a,g ; the  ‘ cardiac  pouch  ’ or  ‘ blind  sac,’  ib.  g,  d ; the  ‘ lesser 
curvature,’  ib.  a,  e,  h ; the  ‘ greater  curvature,’  ib.  g,  d,f,  c,  h ; the 
‘ pyloric  portion,’  ib.  e,  b,  b,  c ; and  its  orifice  or  ‘ pylorus,’ 
ib.  b,  b.  In  a state  of  moderate  distension  the  length  of  the 
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stomach  averages  from  thirteen  to  fifteen  inches;  its  widest 
diameter  five  inches;  its  capacity  five  pints.  It  extends  almost 
transversely  across  the  upper  (in  Man)  part  of  the  abdomen 
from  the  left  toward  the  right  side,  the  pylorus  entering  the 
region  called  ‘ right  hypochondrium as  the  stomach  becomes 
distended,  it  gently  rotates  the  great  curvature  forward.  The 
outer  or  ‘ serous  ’ coat  is  continued  from  the  lesser  curvature 
and  contributes  with  the  end  of  the  gullet  and  beginning  of 
the  gut  to  suspend  or  attach  the  bag:  from  the  curve  d, 
f,  c,  the  serous  coat  extends  down  to  form  the  ‘ great  omen- 
tum,’ fig.  388 ; thus  provision  is  made  for  the  digestive  cavity 
to  encroach  upon  the  interspace  of  the  two  serous  layers  during 


MufcuUr  coat,  Human  etomach,  Invcrtoil.  oxLriir'. 


expansion.  The  muscular  coat  of  the  stomach  is  in  three  layers 
which,  from  the  general  course  of  the  fibres,  are  termed  ‘ lon- 
gitudinal,’ ‘ transverse,’  and  ‘ oblique : ’ the  latter  or  innermost 
layer,  fig.  333,  g,  d,  f,  c,  is  partial : the  other  two  are  com- 
plete. The  longitudinal  layer,  like  that  of  the  gullet,  is  the 
outermost;  and  the  fibres  radiate  from  the  cardia,  becoming 
tliinncr  as  they  diverge,  spreading  and  decussating  with  the  other 
fibres,  and  hardly  traceable  continuously  to  the  pylorus,  save 
along  the  lesser  curvature.  The  transverse  fibres,  which  lie 
immediately  beneath  the  longitudinal,  form  a thicker  and  more 
uniform  stratum:  in  the  inverted  stomach,  from  which  the 
mucous  membrane  has  been  dissected,  in  fig.  333,  they  are  the 
innermost  at  the  pyloric  end,  c,  e,  A : at  the  cardiac  end  they  are 
lined  by  the  layer  of  ‘ oblique  ’ fibres.  The  transverse  layer 
increases  in  thickness  to  the  pylorus,  fig.  334,  the  circular  fibres 
or  sphincter  occupying  the  valvular  fold  of  the  mucous  membrane, 
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I»yl<*riii*.  t-XLyiii". 


ib.  p.  Tb  is  membrane  is  usually  of  a pale  pink  colour,  deeper 
tinted  at  the  jiyloric  than  at  the  cardiac  |X)rtion,  and  pnxluced 
into  numerous  wrinkled  folds  or  ‘ rug;c,’  wliicb 
are  not  so  soon  effaced,  under  distension,  as  in 
the  quadrumanous  stomach.  The  ‘ basal  ’ part 
of  the  membrane  is  areolar  or  cellular  tissue, 
connecting  it  to  the  muscular  coat;  it  also 
supports  the  vessels  and  nerves,  forms  the 
cylinders  of  the  gastric  tubules,  and  is  covered 
by  a delicate  epithelial  layer  of  the  columnar 
kind.  The  gastric  tubules,  fig.  337,  arc  cylin- 
ders of  the  basal  membrane,  jMicked  vertically 
side  by  side,  and  filled  by  cells  : their  inserted 
end,  </,  is  closed  ; they  e.xpand  slightly  before  reaching  the  free 
surface  of  the  membrane,  where  their  margins  become  continuous 
with  each  other,  so  as  to  form  a series  of  low  ridges,  the  height  and 
width  of  which  vary  somewhat  in  different  parts  of  the  stomach. 
The  length  of  these  tubes  is  about  *nch  at  the  middle  of 

the  organ,  almost  double  that  length  at  the  pyloric  portion,  and 
half  that  length  at  the  cartliac  region, — a difference  causing  the 
different  thickness  of  the  mucous  membrane  in  these  parts  of  the 
cavity.  Their  diameter  is  about  ^sutli  of  an  inch,  and  is  a little 
increased  in  the  pyloric  ones : in  some  of  these,  blind  processes  arc 
continued  from  the  inserted  end ; as  commonly  seen  in  the  Dog, 
fig.  349.  Toward  the  outlet  the  tubule  is  occupied  by  ‘ columnar 

epithelial  cells,’  fig.  337,  c : 
***  the  deeper  j)ortion  is  filled  by- 

oval  nucleate  cells,  attaining 
in  some  ca,ses 

inch  in  diameter,  ib.  h.  The 
tubules  are  connected  together 
by  a finely  fibrous  form  of 
areolar  tissue,  in  which  their 
blind  ends,  or  branches,  are 
imbedded. 

The  principal  arteries  of  the 
stomach,  derived  from  the  ‘ ccc- 
liac  axis,’  are  the  ‘ arteria  coro- 
naria  ventriculi,’  fig.  335,  a, 
which  courses  along  the  lesser  curvature ; the  ‘ gastro-duodenalis,’  rf, 
which  gives  off  the  ‘ arteria  pylorica,’  g ; the  ‘ gastro-epiploica,’ 
‘ dextra,’  e,  and  ‘ sinistra,’  i.  The  branches  of  all  these  arteries 
have  a tortuous  course  and  freely  inosculate  ; their  ramuli  per- 


.Artcrle*  r'f  Iho  rtomnrb.  »cfii  hy  mj»iug  it 
c.xLvm". 
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forate  the  muscular  coat  and  form,  with  the  veins,  an  expanse 


of  network,  fig.  3.f6,  e,  in  the  loose 
submucous  areolar  tissue:  the  capil- 
laries, ib.  a,  penetrate  the  gastro-mu- 
cous  coat,  their  ultimate  branches,  of 
from  Tj-'oofl'  fo  'f* 

diam.,  ib.  d,  passing  vciTically  along  or 
between  the  walls  of  the  gastric  tubes 
to  their  outlets,  where  they  form  a fine 
superficial  network,  b : from  this  the 
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veins  commence,  and  return  by  the  vertical  canals,  c,  c,  to  the  sub- 
mucous network,  e. 

The  product  of  the  tubules,  called  ‘gastric  juice,’  is  a limpid 
fluid  of  a pale  straw  colour,  acidulated  by  hydrochloric  acid,  and 
also  by  lactic  acid  (unless  this  be  a secondary  result  of  analysis): 
its  peculiar  organic  principle,  called  ‘ pepsin,’  contains  about  two 
per  cent,  more  nitrogen  than  the  »)rdinary  protcine  compounds.  If 
dilute  hydrochloric  acid  be  added  to  a solution  of  pej)sin  in  cold 
water,  the  liquid  exercises  solvent  powers  over  organic  substances, 
e8|>ecially  animal  ones,  and  a kind  of  artificial  gastric  juice  is  thus 
produced.  The  natural  gastric  juice  exercises  a coagulativc  and 
alterative  as  well  as  solvent  power  upon  the  food,  and  ‘ digests  ’ 
or  converts  it  into  chyme. 

The  canal  which  receives  the  chyme,  called  ‘ small  intestine,’ 
extends  from  the  pylorus,  fig.  .332,  r,  to  the  ca;cum,  cc:  it  is 
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about  20  feet  in  length  and  inches  in  diameter.'  Its  beginning, 
fig.  curves  outward  and  backward  to  the  under  surface  of 

file  right  lobe  of  the  liver,  and  has  an  entire  investment  of 
peritoneum  : the  gut  descends  along  the  inner  border  of  the 
right  kidney,  where  the  posterior  wall  is  left  uncovered  by  the 
peritoneum,  and  is  attached  by  cellular  tissue  to  the  subjacent 
jiarts  : it  then  crosses  below  the  pancreas,  he- 
hind  the  stomach,  to  the  left,  having  a partial 
covering  of  peritoneum,  and  only  regains 
the  entire  serous  coat  where  it  emerges  to 
form  the  beginning  of  the  next  part  of  the 
small  intestine.  This  is  termed  ‘ jejunum,’ 
fig.  .t.32,  j,  from  its  usual  emptiness,  and  the 
rest  of  the  tube  is  ‘ ileum,’  ib.  I : these  con- 
volutions are  susjiendcd  upon  the  duplica- 
liire  of  peritoneum  called  ‘ mesentery.’  The 
muscular  tunic  of  the  intestine  consists  of  an 
outer  longitudinal  and  an  inner  transverse  or 
circular  stratum;  both  layers  being  some- 
what stronger  in  the  duodenum.  The  mu- 
cous membrane  begins,  in  the  second  portion 
vuivuiK cinniTentr,.'  Hiimia  of  thc  duodeiium,  to  bc  disposcd  in  transvcrsc 

■OlAll  imC»llDC.  CXLVIll".  nil  1 1** 

folds  called  by  the  old  Anthropotomists 
‘ valvulae  conniventes,’  fig.  3.38,  as  tending  to  impede,  while,  at  the 

same  time,  conniving  at,  the  passage  of 
the  chyme;  but,  in  truth,  extendingthe 
surface  to  which  the  chyme  adheres  in 
thc  process  of  elimination  of  the  chyle: 
their  direction  at  right  angles  to  the 
course  of  peristalsis  not  only  checks 
the  pa-ssage  hut  insures  thc  admixture 
of  thc  various  constituents  of  the  chyme. 
The  alterative  and  absorbent  surface 
of  the  small  intestine  is  further  aug- 
mented, ns  in  most  Mammals,  by  the 
minute  filamentary  proce.sses  which, 
giving  the  free  surface  a velvety  cha- 
racter, are  termed  ‘ villi.’  In  the  mag- 
nified section  of  the  intestinal  tunics, 
fig.  .3.39,  a arc  thc  villi,  c thc  submu- 
cous areolar  tissue,  c transverse  fibres, /longitudinal  fibres  of  the 

> The  lonzth  uf  tlic  l.xly  from  llio  vorlox  to  the  vent,  not  to  tho  lied,  is  that  whioh 
^houl,l  1».  taken  fur  comparison  of  pro|iortiomitc  Icnplh  of  the  intestines  in  Man  with 
those  of  hrutes  recorvhil  in  the  ‘ Tahl.-s  ' of  xii,  tome  iv.  j.p  182-208. 
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muscular  coat;  in  fijj.  341  the  serous  coat  is  marked  g.  In  the 
Interspaces  of  the  villi  minute  pores  may  be  seen  by  the  aid 
of  the  lens : they  are  the  outlets  of  the  ‘ intestinal  tubules,’  figs. 
339,  341,  Like  those  of  the  stomach  thev  are  hollow  cvlinders, 
fig.  340,  closed  at  the  ends,  e,  which  arc  buried  in  the  areolo- 


iBW-ad&al  tci>r«  front  OkafB-  loic«iin»i  IvilicV  ia  remt^  ; luffti. 
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fibrous  tissue:  their  length  is  about  five  times  their  width,  which 
averages  j^s^h  of  an  inch  : their  proper  wall  consists  of  nucleated 
columnar  cells,  a,  b ; their  mouths  d,  o]>eii  into  the  area  of  the 
gut:  their  contents  are  a clear  fluid  and  minute  granules.  Each 
villus  is  covered  by  an  epithelium  of  columnar  cells  inclosing 
a parenchyme,  with  traces  of  unstriped  muscular  fibre,  the  com- 
mencement of  the  lacteal  absorbents,  and  a rich  supply  of 
capillary  vessels.  From  the  analogy  of  the  gastric  tubules  it 
may  be  concluded  that  the  intestinal  ones  continue  the  sol- 
vent and  alterative  operations  on  the  chyme.  Other  arrange- 
ments of  secreting  surface  relate  to  the  furnishing  of  lubri- 
cating mucus  for  accessory  offices : these  are  noted  as  the 

‘follicles.’  They  are  either  ‘ solitary,’  fig.  341,  i,  or  in  grou|>s, 
terme<l  ‘ agminate,’  fig.  .342,  and  such  patches  appear  to  be  bare 
of  villi.  The  size  and  structure  of  the  follicles  are  the  same 
under  both  arrangements : they  are  considerably  larger  than  the 
intestinal  tubules,  fig.  341,  b\  the  follicle,  /<,  expands  as  it  sinks 
into  the  submucous  tissue,  d,  and  its  broad  base  is  usually 
applied  to  the  muscular  coat,  e.  The  follicles  are  filled  with  an 
albumino-roucous  pulp.  Fig.  342  gi>  es  a mfslerately  magnified 
view  of  a patch  of  ‘ agminate  follicles,’  of  which  patches  about  a 
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(>core  may  be  found  in  the  tract  of  the  small  intestine,  situated 
opposite  the  line  of  attachment  of  the  mesentery,  and  most  nu- 
merous in  the  ileum,  where  the  intestinal  contents  become  less 

dilute  : rarely  are  any  seen  in  the  duo- 
denum. Viewed  with  a higher  power, 
a.s  in  fig.  .'I4.‘l,  the  follicular  orifice,  a,  is 
surroundcfl  by  a circle  of  pores  of  the 
‘ intestinal  tubules  ; ’ and  in  the  inter- 
spaces of  the  clustered  follicles  project 
short  obtuse  conical  villi,  b,  of  so  much 
smaller  size  than  the  ordinary  ones  as 
to  make  the  patch  appear  hare.  The 
loope<l  ca|iillaric8  of  the  follicle  come 
off  from  vessels  encircling  their  cap- 
sule. 

The  ‘ racemose  glands,’  fig.  343,  c, 
arc  peculiar  to  the  duodenum,  and  most 
numerous  at  its  commencement  where 
they  form  a circular  layer  just  beyond 
the  pylorus.  Here  each  gland  is  about 
^j;,thofan  inch  indiameter.  Theduct 
at  the  areolo-fibrous  base  of  the  intesti- 
nal glands,  fig.  344,  a,  divides  and  sub- 
divides in  the  thick  submucous  tissue, 
and  ultimately  terminates,  or  receives  the  secretion  of  numerous 
suhglohular  or  polyhcilral  follicles,  averaging  j,^uth  of  an  inch 
in  diameter : these  answer  to  what  are 
tcrmetl  the  ‘ acini  ’ in  larger  glands : the 
nature  of  their  secretion  has  not  been  de- 
termined : it,  probably,  resembles  the  pan- 
creatic from  analogy  of  structure. 

The  ileum  tenninates  in  the  side  of  the 
beginning  of  the  large  intestine  leaving  a 
short  and  wide  sacculated  ‘ cajciim  ’ from 
near  the  end  of  which  is  sent  off  a slender 
‘ vermiform  ajtpendage,’  tig.  332,  c t'.  The 
human  civcum  is  further  characterised  by  its  fixed  position;  having 
only  a partial  eo\ering  of  |>eritoneum,  which  passing  off  from 
its  fore  part  binds  it  down  to  the  ‘ iliacns  internus’  muscle  to 
which  its  iu>n-scrous  surface  is  connecte<l  by  areolar  tissue  and 
fascia.  The  intestine,  as  it  rises  from  the  ciecum,  is  called 
‘ e(doii  ’ or  ‘ ascending  <'olon,’  ib.  a <',  and  continues,  as  it  passes 
the  right  kidney  and  ‘ ijuadraliis  lumborum,’  to  be  attached 
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thereto  by  n progressively  decreasing  breadth  of  non-serous  wall : 
the  gut  then  resumes  a complete 
serous  coat,  which  |)asscs  off 
into  the  progressively  widening 
diiplicature  of  peritoneum,  for- 
ming the  ‘ mesocolon  : ’ nearing 
the  duodenum  it  arches  across  to 
the  left,  TC,  at  the  line  between 
tbe  ‘ umbilical  ’ and  ‘ epigastric;  ’ 
regions  of  Anthmpotomy  : then, 
descending  ventrad  of  the  left 
kidney  and  ‘ quadratiis  liimbo- 
rum,’it  becomes  attached  thereto 
by  areolar  tissue : it  next  forms 
the  folds  called  ‘sigmoid  flexure;’ 
ib.  8 F;  and,  bending  to  the 
mid  line,  contracts  and  jeasses 
as  the  ‘ rectum,’  R,  to  the  vent. 

Save  at  this  terminal  jmrtion, 
the  longitudinal  fibres  of  the 
large  intestine  arc  specially  ag- 
gregated along  three  nearly 
equidistant  tracts,  one  of  which 

runs  along  the  line  of  attachment  of  the  mesocolon : these  ‘ bands  ’ 
are  nearly  one-half  shorter  than  the  entire  3i6 

gut,  and  consequently  pucker  it  up  into 
sacculi.  They  commence  at  the  setting 
on  of  the  vermiform  appendage  and  di- 
verge therefrom  to  their  ]K>sitions  on  the 
caecum  and  colon : at  the  sigmoid  flexure 
they  begin  to  expand  and  form,  with  added 
fibres,  a strong  continuous  longitudinal 
stratum  upon  the  rectum.  The  circular 
fibres,  uniformly  thin  and  feeble  ujwn 
the  colon,  are  thickened  round  the  rectum. 

The  human  ‘ venniform  apj>cndage,’  fig. 

345,  //,  is  commonly  from  4 to  5 inches 
in  length : its  diameter  is  about  ^ of  an 
inch : the  follicular  glands  arc  so  nume- 
rous as  to  constitute  sometimes  a conti- 
nuous layer.  The  ileum,  ib.  a,  opens  by 
a transverse  slit  into  the  inner  or  mesial 
side  of  the  cascuin,  c:  the  o|>cning  being  defended  by  a pair 
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of  semilunar  valvular  folds,  of  which  the  lower,  f,  is  the  ‘ ileo- 
csBcal,’  the  uj)per,  e,  the  ‘ ileo-colic  ’ valve.  A transverse  con- 
striction, rf,  usually  marks  the  boundary  between  cascum  and 

colon.  In  the  apes  and  all 
lower  quadrumana  the  ileo-c®cal 
orifice  and  valve  are  circular. 

The  mucous  membrane  of  the 
cajcum  and  colon  is  the  seat  of 
both  intestinal  tubules  and  fol- 
licles: the  latter  are  chiefly  pre- 
sent in  that  of  the  rectum,  which 
is  disposed  in  numerous  folds. 

Although  this  gut  appears 

straight  in  a front  view,  it  fol- 

lows, in  Man,  the  curve  of  the 
|)el\'ic  cavity,  through  which  it 
passes,  ns  shown  in  the  side  view, 
fig.  346.  The  j)critoneum  is  re- 
flected from  its  upper  third,  form- 
ing the  ‘ recto  vesical  ’ pouch,  ib. 
r,  V ; and  the  rest  of  tlie  gut  is 
SMtioDofHouuiiptui..  •howinfcouneofrecium.  {jjp  oTtllnarv  arcolar 

CXLTIll".  • • 

tissue  to  the  surrounding  |)art. 
Anthropotomy  accordingly  distinguishes,  in  the  rectum,  an  upper 
or  ‘ oblifjue  segment,’ «,  r i : a middle  or  ‘ arcuate  segment,’  r 2,  and 
a ‘ terminal  portion,’  r 3:  inclosed  at  the  end  by  the  ‘ sphincter 
ani,’  q,  n. 

§ 331.  Alimentari/  canal  oj  Camicora. — In  this  group  the  di- 
gestive system  is  adapted,  as  a rule,  exclusively  for  animal  diet. 

The  oesophagus  is  usually 
wide.  The  muscular  fibres 

are  arranged  in  an  external 
longitudinal  and  an  internal 
< transverse  layer:  but, in  the 
Lion,  a third  layer  of  longi- 
tudinal fibres  is  applied  to 
the  inner  side  of  the  circular 
ones  at  the  terminal  part  of 
the  tube:  they  are  separated 
from  the  circular  fibres  bv 

Btooiacb  uf  tbe  Lion.  . , ” 

loose  areolar  tissue ; and  arc 
closely  attached  to  the  lining  membrane  of  the  oesophagus, 
which  they,  here,  j>ucker  up  into  numerous  narrow  alternating 
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transverse  rugae.  The  stomach  of  the  Lion,  fig.  .^47,  shows  its 
common  form  in  tlie  order:  it  is  chiefly  elongated  from  right 
to  left ; but  lies  less  transversely  to  the  abdomen  than  in  Man  : the 
cardia,  a,  and  pylorus,  h,  are  wide  apart : there  is  but  a small 
extent  of  ‘ blind  sac,’  d,  to  the  left  of  the  cardia,  and  the  pyloric 
end,  e,  b,  is  bent  abruptly  and  closely  upon  the  middle  of  the 
stomach.  The  longitudinal  fibres  of  the  muscular  coat  form  a 
stnmg  band  along  the  lesser  curvature : the  ruga*  of  the  inner 
coat  affect  a longitudinal  course : the  pyloric  valve  is  less  promi- 
nent than  in  man.  The  branches  from  the  ‘ arteria  coronaria 
ventriculi’  pass  some  way  down  the  front  wall  before  penetrating 
the  gastric  coats ; not  entering  at  the  lesser  curvature,  as  in  Man. 
In  all  Felidce  the  pylorus  is  8us[>ended  by  a duplicature  of  peri- 
toneum, and  the  duodenum  has  the  same  loose  attachment,  to  its 
termination,  which  becomes  more  closely  tiwl  to  the  vertebral  body. 
The  mesentery  again  expands  to  sus|>end  the  rest  of  the  small  in- 
testines. In  a full  grown  Lion  these  measure*!  18  feet,  with  a uni- 
form circumference  of  2 J inches.  The  ca*ciun  was  2 inches  long : 
it  is  simple  and  conical,  fig.  .148 : the 
length  of  the  large  intestines  was  2 feet  10 
inches;  the  colon  soon  gains  a circum- 
ference of  4 inches.  The  muscular  coat 
of  the  intestines  is  thick  throughout.  The 
terminal  orifice  of  the  ileum  is  circular, 
and  situated  on  a valvular  prominence  of 
the  same  form.  The  apex  of  the  ca*cum 
is  a cluster  of  intestinal  follicles.  orcum  of  ib»  lkj» 

The  lining  membrane  of  the  small  intestine  has  fine  and  close- 
set  villi  in  the  Lion ; they  are  longer  and  coarser  in  the  Bear,  and 
seem  to  be  rather  flattened  than  cylindrical.  In  contracted  parts 
of  the  tul>e  the  lining  membrane  is  thrown  into  longitudinal 
rugae:  the  agminate  follicles  form  long  longitudinal  tracts  in  the 
Lion.  In  the  Hya;na  the  caecum  is  about  twice  the  length  of  that 
in  the  Lion,  relatively. 

In  the  Dog  the  gullet  extends  about  two  inches  beyond  the 
diaphragm  before  tenninating  in  the  stomach.  The  duodenum  is 
loosely  suspended  by  a mesentery,  except  at  its  transit  across  the 
vertebne  to  become  jejunum.  The  caecum  is  relatively  longer 
than  in  the  Hywna,  and  after  a short  course  is  folded  or  curved. 
The  intestinal  canal  is  longer  and  narrower  in  the  Dog  than  in  the 
Wolf,  and  the  caecum  in  the  latter  is  curved  frami  its  origin : it  has 
three  coils  in  the  Fox. 

The  ruga*  of  the  gastric  membrane  are  nuraemus  and  well- 
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marked  in  the  contracted  stomach  of  the  Dog.  Microscopic  in- 
vestigation of  the  gastro-mucous  coat  has  shown  the  tubules  to 
be  more  commonly  subdividetl  at  their  blind  ends  than  in  Man. 
In  fig.  349,  A is  a tubule  from  the  cardiac  half,  and  n one  from 
the  pyloric  portion,  of  a Dog’s  stomach : a,  b the  columnar  epitbe- 

thelium ; c the  sub-sacculatc 
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CtMlrlr  tuliulr«,  DogV  •tomnch,  niiwii.  6ii  «lUni. 
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branches  of  the  pyloric  tubules. 
The  intestinal  mucous  mem- 
brane is  finely  villous.  Fig. 
350  shows  a magnified  view  of 
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one  of  the  villi,  A,  from  winch  the  columnar  epitheliiiin,  a,  r, 
partly  detached  : d,  e,  are  columnar  cells,  more  magnified,  showing 


the  nucleus.  Some  of  the  Civet 


thomarli.  tlarxli'nDin,  niid  |Muicrra».Hurir«U<  ) imt.  «i>c 


>c  have  a stomach  of  a fuller  j 
form.  In  the  Suricate  ( 7?;/-  I 
Z(Pnn  tetradach/ln')  the  ws<’-  ' 
phagus,  fig.  35 1 , n,  runs  half 
an  inch  into  the  abdomen 
before  ending  in  the  stomach, 
about  half  an  inch  from  thf 
left  end,  ib,  h.  The  epithelial 
lining  of  the  gullet  terminate 
abruptly, ns  in  all  Carnfrorn. 
at  the  cardiac  orifice.  The 
stomach  is  of  a full  oval 
shape,  maintainingr  mud: 
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width  to  near  the  pyloric  end,  e,  which  is  too  short  to  be  bent, 
Tlie  duodenum,  rf,  t/,  makes  a large  curve,  and  is  a loose  intestine, 
with  a mcso-duodenum  which  becomes  shorter  as  it  approaches 
the  spine  at  the  lower  end  of  the  curve : 
it  is  continued  into  the  jejunum  before 
crossing  the  spine.  The  biliary  and  pan- 
creatic ducts,  rf,  terminate  about  an  inch 
from  the  pylorus.  The  length  of  the  small 
intestines  is  3 feet  2 inches,  with  a jreneral 
circumference  of  one  inch.  Tlic  ca;cum, 
fig.  332,  c,  is  an  inch  in  length,  rather  con- 
tracted at  the  neck,  with  an  obtuse  blind 
end : this  is  occupied  by  a patch  of  agmi- 
nate follicles : a larger  patch  is  at  the  end 
of  the  ileum,  ib.  a : the  ileo-colic  orifice 
and  valve.  A,  are  circular.  The  colon,  d,  is 
continued  almost  straight  to  the  vent,  e; 
the  length  of  the  large  intestine  was  but 
6 inches. 

The  Musteline,  Subursine  and  Ursine 
Carnivora  are,  as  a rule,  devoid  of  caecum. 

In  the  Martin  {Muxtela  mar  let)  the  intesti- 
nal canal  is  three  and  a half  times  the 
length  of  the  body.  In  the  Otter  the  great  and  small  curves 
of  the  stomach  appear  angular  through  the  abruptness  of  the 
bend  of  the  pyloric  upon  the  cardiac  part.  The  Intestinal  canal 
is  relatively  longer  in  Enhydra  than  in  Lutra.  In  the  Racoon 
the  beginning  of  the  colon  is  indicated  by  a .slight  enlargement 
and  circular  fold  of  the  lining  membrane,  not  produced  so  as  to 
form  a valve.  In  a Benturong  {Ictides)  I found  a ctecal  pro- 
jection of  half  an  inch  in  length  at  the  beginning  of  a large 
intestine  two  feet  in  length : the  small  intestines  were  seven 
feet  long ; the  length  of  the  animal,  exclusive  of  tail,  was  two 
feet.  The  stomach  of  Ailttrus  is  subglobular,  with  terminal 
orifices ; the  narrow  termination  of  the  pyloric  part  has  a thick 
mucous  membrane.  In  the  Bear  there  is  a more  marked  blind 
sac  at  the  left  end  ; both  muscular  and  mucous  coats  are  thick. 
The  villi  of  the  small  intestine  are  longer  and  coarser  than  in  the 
Lion.  In  Unidat  the  entire  intestines  are  about  twelve  times  the 
length  of  the  body ; in  Felidae  from  three  to  four  times ; in  Vi- 
verridee  from  four  to  six  times : the  longest  in  this  family  being 
in  the  frugivorous  Palm-cats  (Paradoxurus.) 

In  the  common  Seal  {Phoca  vitulina,  L.)  the  oesophagus  opens 
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widely  into  the  left  end  of  tlie  stomneh,  leaving  no  blind  sac 
there  : the  pyloric  end  is  bent  acutely  on  the  rest  of  the  cavity  : 
the  pylorus  is  very  small  and  is  defended  above  h}'  a valvular 
prominence,  giving  the  opening  a crescentic  form  ; the  diameter  of 
the  pylorus  is  an  inch,  while  that  of  the  cardia  is  inch.  The 
duodenum  descends  abruptly  from  the  pylorus,  and  is  connected 
by  a continuation  of  peritoneum  with  the  j>yloric  end  of  the 
stomach.  It  is  contracted  at  its  origin,  but  soon  dilates,  and  a 
saceulus  is  fanned  between  its  muscular  and  mucous  coats  for 
the  reception  of  the  biliary  and  pancreatic  secretions,  which  after- 
wards are  conducted  through  a narrow  passage  into  the  intestine. 
Having  descended  as  far  as  the  right  kidney,  the  duodenum  turns 
to  the  left  in  the  usual  manner,  hut  has  a complete  investment  of 
peritoneum  through  its  whole  course : at  the  left  side  of  the 

abdomen  it  carries  forward  this  process  of  peritoneum,  which 
forms  the  mesentery  in  the  usual  manner.  The  small  intes- 
tines do  not  exceed  1^  inch  in  circumference,  but  their  defi- 
ciency in  this  part  of  their  dimension  is  compensated  by  their 
great  length.  The  large  intestines  commence  by  a short  round 
CKCum,  which,  in  two  instances,  was  situated  close  to  the  pyloric, 
end  of  the  stomach ; the  greatest  circumference  of  the  colon 
was  4 inches.  The  Walrus  has  a similar  ctecum.  The  interior 
of  the  stomach  is  smooth  and  without  rugaj;  the  intestines  have 
the  same  character.  In  a Heal  measuring  3 feet  from  the  snout 
to  the  end  of  the  hind  flippers,  the  small  intestines  were  40 
feet  long,  the  large  intestines  2 feet,  wdth  a c®cum  of  nearly 
one  inch  in  length.  The  agminate  glands  run  in  long  narrow- 
strips. 

§ 3.32.  Alimentnri/  canal  of  Brutn. — After  exceptional  instances 
in  the  ilarsupial  {Macropus)  and  Quadrumanous  (Semnopithecus') 
orders,  we  now  begin  to  find  complex  conditions  of  the  gastric  organ 
to  predominate  ; the  main  characteristic  of  which  in  the  present 
order  is,  that,  when  a laminate  epithelium  covers  the  lining 
membrane  so  thickly  as  to  be  comparable  with  euticle,  its  most 
constant  position  is  at  the  pyloric  division  of  the  stomach.  There 
are,  however,  gradations,  and  the  Armadillos  retain  most  of  the 
preceding  more  simple  conditions  of  the  alimentary  tube.  In 
Dattypus  peba'  the  oesophagus,  after  the  course  of  an  inch  irx  the 
abdomen,  terminates  in  a stomach  of  a subglobular  form  ahout 

inch  from  the  left  end  : its  epithelial  lining  ends  at  the  cartlia. 
The  lining  membrane  of  the  stomach  is  villous,  becoming  smoother 
toward  the  pylorus;  to  that  part  a few  longitudinal  rugae  at  the 

• cxxvii".  p.  142. 
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middle  of  the  ea\-ity  converfre.  The  miispular  eoat  is  tliin  at  the 
wide  cardiac  end,  hut  attains  a thickness  of  2 lintjs  near  the 
pylorus,  and  here  on  each  side  there  is  a tendinous  spot  externally. 
A semilunar  rid^e  defines  the  lower  part  of  the  pylorus  ; from 
the  upper  part  depends  a protuberance:  this  valvular  structure 
resembles  that  in  the  Seal.  Beyond  the  pylorus  is  a well-marked 
zone  of  racemose  glands.  In  Dasi/piis  G-cinctus  I found  a greater 
proportion  of  the  stom.ach  to  the  left  of  the  cardia : the  other 
characters  were  repeated.  The  duodenum  is  dilated  at  its  com- 
mencement and  is  suspended  on  a fold  of  peritoneum  which 
becomes  narrower  as  the  gut  descends:  after  crossing  the  spine 
the  fold  again  expands  to  form  the  mesentery  of  the  rest  of  the 
intestine.  After  a length  of  from  12  to  18  feet  the  gut  suddenly 
expands,  and  here,  in  I),  peba,  the  small  intestine  seems  to  enter, 
forming  a narrow  circular  fold  within,  the  larger  intestine.  The 
former  are  smooth  intenially,  the  latter  shows  a few  longitudinal 
ruga.  In  Dasypus  6-cinctus  the  large  intestine  expands  into 
a pair  of  short,  wide  pouches,  one  on  each  side  the  insertion  of 
the  ileum.  The  terminal  orifice  of  the  ileum  is  a slit  with  tumid 
margins  on  the  middle  of  the  ridge  between  the  two  ca»ca.  The 
length  of  the  intestinal  canal  is  10  feet.' 

In  Orycteropus  the  lining  membraneof  the  oesophagus  is  smwth: 
the  tube  terminates  at  the  middle  of  the  lesser  curvature  of  the 
stomach  : the  lining  membrane  of  the  large  cardiac  sac  is  disposed 
in  coarse  reticulate  folds,  which  become  longitudinal  toward  the 
pyloric  end : this  i.s  pyriform,  with  a muscular  coat  increasing  to 
a thickness  of  8 lines : the  mucous  coat  showing  strong  ruga:, 
with  an  epithelium.  The  small  intestines  are  of  unwonted  length 
in  the  present  genus,  about  .‘}7  feet : the  lining  membrane  is  with- 
out folds,  but  is  beset  with  long  and  fine  villi,  and  shows  five  or  six 
elliptic  patches  of  agmin.ate  glands  in  the  ileum.  The  ca‘cum  is 
Ix:tween  4 and  5 inches  in  length  ; the  colon  about  8 feet  long, 
and  about  4 inches  in  circumference  at  the  commencement.* 

In  the  Pangolins  (Monts)  the  distinction  between  the  cardiac 
and  pyloric  portions  of  the  stomach  is  still  more  marketl : the 
latter  has  acquired  a greater  accession  of  muscular  fibres,  and 
their  tendinous  centres  are  externally  more  conspicuous : the 
structure  is  made  the  more  gizzard-like  by  its  thick  papillose 
cuticular  lining.  At  the  middle  of  the  great  curvature  is  a mass 
of  complex  glandular  follicles,  the  ducts  of  which  intercommuni- 
cate and  terminate  by  a common  orifice  in  the  cavity  of  the 
stomach.*  The  valvular  protuberance  above  the  pylorus  is  large. 
' cxxTui",  p.  l.W.  ’ cxLix'.  p.  16.  * cxiTu".  p.  182,  No.  .i90  c. 
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There  is  no  caBciiin.  In  the  groat  Ant-eater  {Myrmecophaga 
jubata)  tile  etomaeh,  fig.  353,  presents  a sjiherieal  form,  of  about 
8 inches  diameter,  witli  a smaller  subglobular  appendage,  as  it 
seems,  ib.  h,  h,  of  about  3 inches  diameter,  intervening  between 
the  main  cavity,  c,  c,  and  the  intestine,  d.  The  oesophagus,  a, 

terminates  near  the  middle 
of  the  upper  surface  of  the 
main,  or  cardiac,  jiortion. 
On  the  middle  of  both  the 
anterior  and  posterior  sur- 
faces of  the  stomach  is  a 
sheet  of  tendon,  which 
extends  from  the  large 
to  the  small  division  of 
the  organ,  expanding  upon 
both  divisions,  but  ac- 
quiring u]x>n  the  latter 
its  greatest  thickness  and 
whitest  colour.  The  car- 
diac cavity,  c,  c,  has  a 
vascular  secreting  surface, 
the  lining  membrane  being 
disjiosetl  in  very  numerous 
small  wavy  ruga: : the 

larger  and  apparently  more  permanent  folds  converge  toward 
the  aperture,  J,  of  the  pyloric  cavity.  The  canliac  orifice  has 
the  form  of  a narrow,  slightly  bent  crescentic  slit.  It  is 
situated  about  3^  inches  from  the  similarly  shaped  aperture  of 
communication  between  the  cardiac  and  the  pyloric  cavities : 
but  the  margin  of  this  latter  aperture  is  indented,  as  it  were,  by 
the  ends  of  the  converging  folds  of  the  lining  membrane,  which 
are  continued  into  the  pyloric  cavity.  The  pyloric  division  is 
remarkable  for  the  thickness  of  its  muscular  tunic  and  the  density 
of  its  epithelial  lining,  which  convert  it  into  a veritable  gizzard. 
The  muscular  coat,  ib.  h,  h,  varies  from  1 inch  to  ^ an  inch  in 
thickness ; at  the  middle  of  the  cavity  it  is  separated  from  the 
lining  membrane  by  an  unusual  accumulation  of  the  elastic  sub- 
mucous areolar  tissue,  i,  which  is  moat  abundant  in  the  up|>er 
wall  of  the  cavity.  A very  small  j)roportion  only  of  food  can 
enter  at  one  time  into  this  cavity,  to  be  subjected  to  the  triturating 
force  of  its  parietes,  operating,  with  the  aid  of  swallowed  particles 
of  sand,  in  the  comminution  of  the  unmasticated  or  imperfectly- 
masticated  Termites.  The  area  of  the  pyloric  cavity,  as  exj)osed 
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by  the  vertical  lon"itudinal  section  in  fig.  352,  appears  a mere 
linear,  slightly  sinuous,  tract,  with  a dilatation  near  tlie  pylorus, 
due  to  the  valvular  protuberance  of  the  upper  wall  ])rojecting 
toward  that  aperture.  But,  when  the  pyloric  cavity  is  bisected 
transversely,  its  area  presents  a crescentic  figure,  owing  to  the 
protuberance  formed  by  the  thicker  muscular  tunic,  h,  and  the 
more  abundant  submucous  elastic  tis.sue,  i,  in  the  upper  j>arietes. 
The  lower  longitudinal  |)lica;,  which  commence  on  the  cardiac 
side  of  the  intercommunicating  aperture,  give  a longitudinally 
ridged  character  to  the  inner  surface  of  the  c.avity. 

This  character  is  changed  near  the  pylorus  for  a reticular 
rugosity  : the  pylorus,  when  viewed  from  the  duo<lcnal  side,  pre- 
sents a crescentic  form,  with  the  horns  of  the  crescent  directed 
upward.  The  lining  membrane  of  the  duodenum  soon  becomes 
smooth.  This  intestine  is  suspended  on  a broad  frdd  of  peritoneum, 
and  is  continued  into  the  jejunum  without  being  tie«i  by  a con- 
traction of  the  mesentery  to  the  vertebral  bodies.  The  ileum 
dilates  rapidly  into  the  colon  which  commences  without  a cascal 
projection.  The  greatest  circumference  of  the  diuslenum  is 
2^  inches : the  calibre  of  the  intestinal  canal  gradually  contract.s 
to  a circumference  of  1 inch  9 lines  at  the  jejunum,  and  recovers 
a circumference  of  3 inches  near  the  end  of  the  ileum.  The 
colon,  within  3 inches  of  the  ileum,  has  a circumference  of 
inches;  and  has  decreasetl  to  a circumference  of  6 inches, 
where  it  forms  the  rectum,  about  9 inches  from  the  anus. 

The  inner  surface  of  the  duodenum  and  jejunum  is  sm<K>th, 
offering  no  villi  to  the  naked  eye.  A few  short  and  narrow 
longitudinal  folds  of  the  lining  membrane,  not  parallel  to  but 
following  one  another,  begin  to  apjtear  in  the  ileum  : these  are 
succeeded  by  one  or  two  longer  longitudinal  folds,  which  are  soon 
followed  by  one  extending  continuously  throughout  the  rest  of  the 
ileum,  along  the  side  of  the  gut  opj>osite  the  attachment  of  the 
mesentery : this  fold  is  from  2 to  3 lines  in  breadth,  is  narrowest 
where  the  canal  has  been  most  distended,  but  is  not  obliterated  by 
the  utmost  dilatation  of  the  gtit : it  is  a permanent  single  longi- 
tudinal production  of  the  va-scular  lining  membrane,  and  forms  the 
chief  characteristic  of  the  lower  half  of  the  small  intestines  in 
the  Myrmfcophn^a  juhatn.  In  this  part  of  the  canal  there  are 
patches  of  glandulas  agminata*  from  1 to  2 inches  long,  and  with 
intervals  of  about  1 foot.  The  transition  of  the  ileum  into 
the  colon  is  effected  by  a rapid  increase  of  diameter,  viz.  from 
1 inch  to  2J  inches;  by  a slight  thickening  of  the  muscular 
cftat ; bv  the  appearance  of  a few  transverse  ridges  or  very  low 
VOL.  in.  « r. 
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folds  of  the  mucous  membrane  at  the  beginning  of  the  colon, 
and  not  extending  round  the  circumference  of  the  gut : but  the 
boundary  of  the  ileum  is  not  dcRned  by  any  ileo-colic  valve  nor 
by  any  appreciable  alteration  in  the  vascularity  or  other  structure 
of  the  mucous  membrane  in  the  two  divisions  of  the  intestinal 
canal.  The  inner  surface  of  the  colon  is  smooth,  finely  reticulate, 
with  a few  very  narrow  transverse  folds,  from  1 inch  to  half 
an  inch  apart,  stibsiding  for  the  most  part  before  reaching  the 
attached  line  of  the  gut;  these  folds  are  not  obliterated  when 
the  canal  is  fully  distended  ; they  commence  about  18  inches 
from  the  Ileum,  gradually  become  shorter  and  narrower,  and 
disappear  about  a foot  from  the  rectum.  The  longitudinal 
folds  of  the  rectum  extend  to  the  margin  of  the  anus,  where  a 
little  dark  pigment  is  developed  under  the  epithelium.  The  soft 
epithelial-covered  integument  extends  from  the  fore  part  of  the 
anus  to  the  vulva,  which  is  distant  about  half  an  inch.  The 
longitudinal  muscular  fasciculi  of  the  rectum  and  rectal  end  of 
the  cloaca  are  strongly  marked,  and  are  from  one  line  to  one 
line  and  a half  in  breadth.  The  specimen  dissected*  measured 
4 feet  7 inches  from  the  snout  to  the  vent : the  Intestinal  canal 
was  34  feet  in  length,  the  large  intestines  being  but  4 feet  of  that 
extent. 

. In  the  little  two-toed  Anteater  the  double  csecum  reappears : ’ but 
each  is  relatively  rather  h)ngcr  than  in  the  six-banded  Armadillo. 

In  the  two-toed  Sloth  ( Cho- 
laputi)  the  oesophagus  is 
lined  by  a dense  epithelium 
disposed  in  longitudinal 
folds:  it  communicates  with 
both  the  first  and  the  second 
compartments  of  the  cardiac 
division  of  the  stomach,  fig. 
354.  The  first  compartment 
is  the  largest,  and  is  subdi- 
vided into  a left  and  right 
portion  ; the  left,  b,  termi- 
nating below  in  a short  c:ecal  ap|)cndage,  c : its  inner  sur- 
face is  minutely  villous  and  vascular.  The  right  compartment 
of  the  paunch  is  partially  subdivided  into  a larger  left  and  a 
smaller  right  cavity,  rf,  both  of  which  arc  lined  by  a continuation 
of  the  thick  epithelium  of  the  oesophagus,  the  inner  surface  of 

' Tin",  p.  121.  pis.  li,  lii,  nml  Hii. 

’ ‘ There  arc  two  cieca,  as  in  hirjs,'  ccxxxvi.  toI.  ii.  p.  181. 
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which  is  minutely  wrinkled,  but  not  villous:  the  thick  epithelium 
terminates  in  a free,  minutely  jagged  border.  A groove  or  canal 
is  continued  from  the  cardia  along  the  right  side  of  the  incomplete 
septum  dividing  the  right  com[)artment  of  the  paunch,  d,  and 
curves  downward  to  communicate  by  a moderately  wide  crescentic 
aperture  with  the  second  or  middle  division  of  the  stomach,  g. 
This  division  presents  the  ordinary  form  of  a simple  stomach,  but 
in  a reversed  position,  i.e.  with  the  great  curvature  turned  toward 
the  diaphragm : it  communicates  with  the  right  compartment  of 
the  cardiac  division  by  the  right  extremity  of  the  crescentic  oeso- 
phageal aperture,  and  with  the  third  or  pyloric  division  of  the 
stomach  by  the  left  extremity  of  the  same  canal:  a fold  fonned 
by  the  lower  end  of  the  left  wall  of  the  oesophageal  groove  divides 
these  two  communications.  In  the  character  of  its  lining  mem- 
brane the  second  division  resembles  the  right  compartment  of  the 
cardiac  division,  and  should  be  regarded,  physiologically,  as  a 
third  subdivision  of  it.  Tbe  third,  or  pyloric  cavity,  f,  has  also 
the  form  of  the  ordinary  simple  stomach,  but  with  the  great  end 
next  the  pylorus ; the  smaller  or  left  end  swells  out  about  half 
an  inch  to  the  left  of  the  crescentic  aperture  by  which  both  the 
second  cavity  and  the  oesophageal  groove  communicate  with  it. 
The  thick  epithelium  is  continued  over  the  inner  surface  of  the 
third  cavity  to  the  pylorus,  increasing  in  thickness  toward  that 
part,  and  taking  on  a coarse  villous  character.  The  thick  epi- 
thelium is  absent  from  an  oval  patch  at  the  great  curvature,  e, 
the  surface  of  which  is  vascular  and  minutely  villous ; about  half 
an  inch  to  the  left  of  the  free  epithelial  border  of  the  mucous 
patch,  there  is  the  aj>ex  of  a gland,  loolged  in  a circular  fossa, 
1 line  in  diameter,  and  closely  resembling  one  of  the  ‘ fossulate 
papillae’  of  the  tongue. 

The  leading  character  of  the  stomach  in  Bruta  is  one  tending 
to  compensate  for  the  poor  masticating  machinery  in  the  mouth, 
indicated  by  Cuvier’s  name  of  the  order.  It  is,  of  course,  least 
conspicuous  in  the  toothed  families : but  even  in  these  the 
musculo-tendinous  structures  at  the  pyloric  portion,  and  the  thick 
epithelium  continued  over  the  inner  surface  of  that  part  in  the 
Phyllophagous  species,  significantly  indicate  a community  of  type 
under  the  mask  of  the  most  coniplex  modifications  of  the  digestive 
cavity.  The  great  expanse  and  subdivision  by  broad  and  per- 
manent folds  of  the  cardiac  cavity,  in  fig.  354,  simulates  the  rumi- 
nant stomach  : but  the  position  of  the  vasculo-villous  part  of  the 
lining  membrane  is  similar  to  that  of  the  more  special  glandular 
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part  in  the  Mania.'  In  all  Sloths  the  diiodeniim  is  loosely  sns- 
pcndc<l,  and  is  continued  without  constriction  of  mesentery  into 
the  rest  of  the  small  intestines,  which  is  disposed  in  many  short 
convolutions,  and  enters  a short  and  straight  colon,  wdthout  a 
cfficum.  The  anus  is  not  distinct  from  the  vulva. 

§ 333.  AUmentary  canal  of  Cetacea. — The  first  peculiarity  to  be 
noted  in  this  order  is  the  small  area  of  the  gullet  in  the  laiyest 

sj>ecie8,  especially  in  the 
great  Whale-bone  Wbale 
( Baleena  mysticetui)  : its 
lining  membrane  is  here 
dis]x>sed  in  longitudinal 
folds  which  close  the  area 
of  the  tube  in  the  con- 
tracte<l  state : they  are 
coated  by  a thick  irregu- 
larly rugous  epithelium, 
and  are  connected  with 
the  strong  muscular  coat 
by  a deep  layer  of  elastic 
eellular  substance.  The 
stomach  is  complex,  di- 
vided into  several  cavi- 
ties, in  all  true  Cetacea. 
In  the  Por|ioise  (7^/ioc<rna 
communis),  fig.  35.5,  the 
first  cavity  is  continued 
in  the  same  line  with  the 
cEsophagus,  having  the 
same  structure,  and  not 
being  divided  from  it  by 
any  sensible  constriction ; 
its  commencement  is  in- 
dicated by  the  orifice 
lending  into  the  second 

Slomirh,  Hvrr.  mn1  Kpl^^iiii,  of  It,).  Porpotw'  rxi.iv-.  (Krnm  StolUnch,  bcVOnd  wllicll 
« tlrawtiiif  lij  U.  U.  ibc  prep.  tlrj.  U 111  Mu».  i'oll.  clilr.)  . , . . * . . > 

orihce  it  is  continued  m 
the  form  of  a dilated  ovate  cavity,  ib.  «,  /#.  It  is  liiicil  with  a 
cuticle,  or  thick  lainiiiatetl  epithelium,  and  its  inner  surface  is 


* Tl»«*  3.>-l  Ihhii  iHkrn  l»y  !h«*  writer  of  ci.".  from  c xxii'.  vol.  xiii.  pi.  iii., 

fig.  2.  Till-  fonV'^^'K  «li>Mrtinnof  the  fs|Htini*  n of 

which  <lieO  at  the  I>on<lon  /'Hilogicnl  GHnIenn.  in  18'il,  nn«l  in  which  the  Mieriea 
wore  ppevimitily  injecteil.  S-e  cxi  vii",  p.  167»  No.  5*'»3  c. 
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beset  with  small  rugas.  A number  of  large  irregular  projections 
sun'ound  the  aperture  leading  to  the  second  cavity,  and  are 
calculated  to  prevent  the  passage  therein  of  any  substances  save 
such  as  are  of  very  small  size.  Xotwithstanding  the  nature  of 
the  lining  membrane  the  digestive  processes  are  considerably 
advanced  in  the  first  cavity,  which  does  not  act  simply  as  a reser- 
voir. It  is  probable  that  the  secretion  of  the  second  stomach 
regurgitates  into  the  first  and  assists  in  producing  the  dissolution 
of  the  fishes,  the  remains  of  which  are  usually  found  in  it.  The 
thick  epithelial  lining  terminates  abruptly  at  the  small  orifice 
leading  into  the  second  stomach,  ib.  h.  The  interior  of  this  cavity 
presents  a series  of  close-set  longitudinal  wavy  ruga;,  laterally 
indented  into  one  another.  The  internal  layer  is  thick,  and 
mainly  consists  of  unusually  long  gastric  tubes  perpendicular  to 
the  two  membranes  which  enclose  them.  The  membrane  next 
the  cavity  of  the  stomach  is  smooth;  the  one  external  to  the  fibres 
is  a vascular  and  cellular  tunic,  and  is  invested  by  the  layer  of 
muscular  fibres,  continued  from  the  preceding  cavity.  The  com- 
munication with  the  third  stomach  is  near  the  lower  end  of 
cavity,  h.  The  third  compartment  is  a small  round  vascular 
cavity,  into  which  the  second  opens  obliquely : it  is  lined  by  a 
smooth  and  simple  villous  tunic  : it  is  not  visible  exteriorly,  and 
docs  not  exceed  an  inch  in  length  in  the  Porpoise,  but  in  the 
llyperoodon  is  about  5 inches  long.  The  fourth  cavity,  ib.  c,  c, 
is  long  and  narrow,  and  pusses  in  a serpentine  course  almost  like 
an  intestine;  the  internal  surface  is  smooth  and  even,  but  villous. 
It  opens  on  the  right  side  into  the  duodenum,  ib.  d,  which  is 
much  dilated.  The  pylorus  is  a smaller  opening  than  that  be- 
tween the  third  and  fourth  cavities.' 

In  lialanoptera  the  oesophagus  enters  obliquely  at  the  back 
part  a little  beyond  the  upper  end  of  the  first  cavity  ; the  second 
cavity  is  larger  and  longer,  in  proportion  to  the  first,  than  in 
Phocanai  the  ruga;  arc  longitudinal,  very  deep,  and  here  and 
there  united  by  cross  bands.  Tlie  third  cavity  is  very  small, 
and,  as  in  the  Porpoise,  appears  oidy  to  be  a passage  between  the 
second  and  the  fourth.  The  latter  is  more  definitely  divided  into 
two  successive  cavities. 

The  duoolenum  commences  in  all  Cetacea,  by  so  considerable 
a dilatation  that  it  has  been  reckoned  among  the  divisions  of  the 
complex  stomach.  In  the  Porpoise  it  soon  contracts  to  the 

* XX.  vol.  i.  p.  175,  no.  569  c.  Thisi  <]e(>cription  I appended,  logetber  with  the  other 
paragraphs  between  brackets,  to  the  Art.  Cttactu  (cu"),  the  traiislnlion  of  which 
was  confide<l  to  me  by  the  Editor. 
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ordinary  diameter  of  the  small  intestines  — aliout  1 inch : these 
are  continued  for  between  40  and  50  feet  to  the  vent.  Broad  and 
well-marked  longitudinal  folds  of  the  lining  membrane  extend 
along  the  major  part  of  this  course ; and  the  same  character  obtains 
in  other  Delphinida.  In  Dalanoptera  the  longitudinal  folds  are 
wavy,  run  into  each  other,  and  are  connected  by  smaller  oblique 
or  transverse  folds:  the  submucous  areolar  tissue  is  very  loose 
and  abundant.  In  HyptroMon  the  comjilexity  is  carried  out  to 
such  a degree  as  to  occasion  a sacculated  structure  of  the  mucous 
coat  through  nearly  the  whole  tract  of  the  intestinal  canal. 
The  orifices  of  the  larger  ]>ouches  are  directed  vent-ward:  their 
cavity  is  divided  into  smaller  cells.  They  begin  gradually  in 
the  duodenum  near  its  last  abrupt  bend,  and  subside  near  the 
anus. 

In  Balcenoptera  the  ileum  opens  in  a valvular  way  into  a 
comj)aratively  short  colon,  leaving  a caecum  of  about  7 inches  in 
length,  and  of  a simple  conical  form:  in  the  speeimen  17  feet 
long,  of  Bal.  rostrata,  dissected  by  Hunter,  he  records  the  length 
of  the  small  intestine  at  28J  yards,  of  the  large  intestine  2} 
yards and  notes  that  he  ‘ never  found  air  in  the  intestines  of 
this  tribe.’  ’ 

The  complicated  stomach  and  long  intestinal  canal  of  such  car- 
nivorous Cftacea  as  the  Grampus  have  other  relations  than  to  the 
nature  of  the  food : they  are  necessitated  in  the  present  onlcr  by 
the  amount  of  nutriment  which  must  be  had  from  it  In  no  other 
carnivonms  mammals  is  so  great  a quantity  of  blood  and  fat  to 
be  obtained  from  the  raw  alimentary  material : in  none  are  such 
active  and  extensive  molecular  changes  conccmctl  in  the  prmluc- 
tion  and  maintenance,  under  adverse  external  conditions,  of  so 
high  a temperature  of  the  IkkIv.  The  digestive  system  and  pro- 
cesses are  therefore  perfected  in  these  warm-bloode<l  marine  air- 
breathers  to  meet  the  contingencies  of  their  aquatic  life. 

§ 334.  Alimentary  canal  of  Sirenia. — In  these  more  slothful, 
tropical,  or  sub-tropical  marine  mammals,  although  the  food  is  of 
a low  vegetable  kind,  the  digestive  and  assimilative  tract  differs 
from  that  of  the  carnivorous  Cetaceans  rather  by  a minor  than  a 
major  degree  of  complexity.  The  stomach,  it  is  true,  shows 
npjiendcd  sacculi,  special  glands,  and  a subdivision  of  the  general 
cavity,  not  »>iily  through  constriction,  but  by  a difference  of 
structure  in  the  lining  membrane.  It  is  of  considerable  length,  and 
nearly  equally  divided  into  a cardiac  and  pyloric  portion.  In  the 
Manatee  the  ccsophagiis  tenniuates  at  the  middle  of  the  cardiac  por- 

' CCXXXTI.  rol.  ii.  p.  115.  • xciv.  p.  361. 
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tion,  the  left  end  of  which  is  produced  into  an  elongate  obtuse  glan- 
dular pouch,  communicating  with  the  gastric  cavity  by  an  oblique 
slit  serving  for  the  passage  of  the  secretion.  A fold  of  the  lining 
membrane  continued  from  the  right  of  the  cardia  partially  subdi- 
vides the  cardiac  chamber.  A pair  of  oblong,  slightly  bent,  ob- 
tusely terminated,  subpc<luneulatc  pouches  open  near  each  other 
into  the  narrow  beginning  of  the  pyloric  cavity,  which,  after  a 
moderate  expansion,  gradually  contracts  to  the  pylorus.' 

In  the  Dugong  the  oesophagus,  fig.  356, y,  terminates  nearer 
the  left  end  of  the  cardiac  portion,  from  the  extremity  of  which 


3r>6 
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the  glandular  pouch,  ib.  e,  projects,  but  to  a less  extent  and  in  a 
more  conical  form  than  in  the  Manatee:  its  gastric  end  or  base 
projects  into  the  stomach  as  a low  circular  protuberance  with  an 
oblique  crescentic  orifice,  which  leads  to  a flattened  winding  sinus, 
formed  by  a broad  membrane  spirally  disposed  in  about  eight  or 
ten  turns,  having  both  surfaces  covered  with  the  orifices  of  fol- 
licles ; and  their  interspaces  filled  by  the  cream-like  secretion.’ 
The  muscular  coat  covering  the  spiral  gland  is  2 lines  thick : 
but  it  quickly  increases,  as  it  spreads  over  the  cardiac  cavity,  ib. 
a,  to  a thickness  of  8 lines,  again  becoming  thinner  near  the 
pyloric  portion.  In  order  to  defend  the  cardiac  orifice  against 

' The  stomach  of  !h«*  now  extinct  boreal  Uhytina  appears  from  the  rccortl  left  by 
Steller  to  have  much  resembleil  that  in  the  Manatee:  be  was  struck  by  its  surprising 
size,  * 6 feet  in  length  and  5 feet  in  breadth,*  distended  with  masticated  sea-weed. 

* cxvii*'.  p.  30.  A peculiar  species  of  Nematoid  worm  {A$caris  HaUcoris,  Ow.)  was 
found  in  this  spiral  gland. 
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the  pressure  of  the  eontents  of  the  stomach,  wlien  acted  upon  by 
the  powerful  muscular  coat,  the  oesophagus  enters  in  a valvular 
manner,  and  is  surrounded  at  its  termination  by  a great  accession 
of  muscular  fibres,  forming  a coat  of  an  inch  or  more  in  thickness : 
the  outermost  of  these  fibres  run  longitudinally;  the  middle  ones 
decussate  each  other  oblitpiely ; the  innennost  are  circular  and 
form  a sphincter  round  the  cardia.  The  diameter  of  the  canal  so 
surrounded  is  but  3 lines  and  its  inner  membrane  is  gathered 
into  irregular  transverse  ruga;.  That  of  the  cardiac  compart- 
ment is  puckered  up  around  the  cardia,  whence  a few  small 
irregular  ruga;  extend  along  the  lesser  curvature  and  about 
the  constriction  leading  to  the  j)yloric  compartment;  over  the 
rest  of  the  surface  the  membrane  was  not  folded  and  was  finely 
reticulate.  At  the  constriction,  ib.  c,  there  is  an  accession  of 
circular  muscidar  fibres  and  a valvular  production  of  the  inner 
membrane  about  3 lines  broad.  Immediately  beyond  this  cir- 
cular fold  are  the  orifices  of  the  two  ca;cul  ap])endages,  ib.  </, 
d : they  arc  relatively  narrower  than  in  the  Manatee : their 
lining  membrane  is  minutely  rugous  : there  were  comminuted 
fuci  in  both;  their  muscular  coat  is  1-J  lines  thick:  they  are, 
in  some  Dugongs,  of  unequal  length.  The  pyloric  stomach, 
ib.  b,  is  long  and  narrow,  and  extends  a foot  beyond  the  c»cal 
apj)cndagcs  before  terminating  in  the  j)ylorus,  ib.  y : the  inner 
membrane  presented  a few  ruga; : the  cavity  is  bent  upon  itself, 
and  the  terminal  part,  y,  is  intestiniform,  but  with  thick  walls. 
The  small  intestines,  in  a half-grown  Dugong,  presented  a length 
of  27  feet  and  a uniform  diantetcr  of  1 inch;  they  have  a 
similar  uniformity  in  the  Manatee.  In  the  Dugong  the  mucous 
membrane,  beyond  the  pylorus,  is  for  a few  inches  slightly  rugous, 
and  then  becomes  disposed  in  transverse  wavy  folds ; at  5 inches 
from  the  pylorus  the  duodenum  receives  the  biliary  and  pancreatic 
secretions  on  a mammillary  eniinencc.  Beyond  this  j)art  the 
transverse  ruga;  arc  crossed  by'  longitudinal  ones,  and  the  surface 
becomes  sub-reticulate : this  disjmsition  extends  along  about  6 
feet  of  the  gut,  when  the  transverse  disposition  subsides,  and  the 
longitudinal  folding  jirevails  throtigliout  the  rest  of  the  small  in- 
testine. The  muscular  coat  is  2^  lines  thick,  the  external  longi- 
tudinal layer  being  about  half  a line.  The  orifices  of  intestinal 
follicles  are  arranged  in  a zig-zag  line,  thus  u|>ou 

the  mucous  surface  along  the  side  of  the  intestine  next  the  me- 
sentery, all  the  way  to  the  cajcuin,  fig.  357.  M'here  the  ileum, 
ib.  n,  enters  that  cavity  it  is  surrounded  by  a sjthinctcr  as  thick 
as  that  at  the  cardia.  The  ca;cuin  is  conical ; in  my  half-grown 
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subject  it  was  6 inches  long,  with  a basal  diameter  of  4 inches. 
The  muscular  coat  rapidly  increases  toward  the  apex  to  a thick- 
ness of  one  inch : the  inner  surface  is  smooth,  its  capacity  trifling 
as  compared  with  the  area  of  the 
rest  of  the  large  intestine,  to  which  3.57 

it  may  be  said  to  act  as  a kind 
of  heart,  giving  a first  powerful 
to  the  long  column  of 
‘ magma  ’ usually  dis- 
tending the  colon.  There  is  no 
constriction  between  this  gut,  c, 
and  the  ca:cum,  6.  The  parietes 
of  the  colon  are  thinner  than  those 
of  the  small  intestine,  the  inner 
membrane  is  generally  smooth. 

At  the  wider  terminal  part  of  the 
colon  there  are  a few  irregular 
folds ; for  about  an  inch  within 
the  anus  it  is  of  a dark  leaden 
colour,  the  pigmentum  being  con- 
tinued so  far  beneath  the  rectal 
epithelium. 

The  cajcum  of  the  Manatee  is  bifid  : and  tbe  colon  at  its  com- 
mencement is  sub-sacculate. 

§ 335.  Alimentary  canal  of  Prohoscidia.  — \n  the  Elephant  tbe 
stomach  presents  a simple  exterior,  but  is  longer  than  usual, 
with  the  cardiac  sac  much  produced  and  conical : the  lining  mem- 
brane of  tbis  part  is  produced  into  twelve  or  fourteen  broad  trans- 
verse folds  5vhich  ‘ do  not  go  quite  round.’  ‘ The  duodenum  is  at 
first  loosely  suspended  and  convolute,  as  in  some  nxlcnts;  it  is 
more  closely  attached  at  its  termination.  The  mucous  coat  of  the 
jejunum  is  thrown  into  small  irregular  folds,  both  transverse  and 
longitudinal.  There  are  oblong  patches  of  agminate  follicles. 
The  termination  of  the  ileum  projects  as  a conical  valve  into  the 
emeum.  The  longitudinal  layer  of  muscular  fibres  is  continued 
directly  from  tbe  ileum  upon  the  cascum:  but  the  circular  layer 
accompanies  the  valvular  production  of  the  mucous  membrane, 
and  is  there  thicker  th.an  on  the  free  gut.  The  large  ciccum  is 
sacculated  on  three  longitudinal  bands,  5vhich  are  continued  some 
way  along  the  colon.  In  a young  Indian  Elephant,  about  7 feet 
high  at  tbe  shoulder,  the  following  were  the  dimensions  of  the  in- 
testinal canal: — 

' ccxxxTi.  vol.  ii.  p.  171. 
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I.icngth  of  the  small  intestines 

fi. 

38 

In. 

0 

Cimimference  of  ditto  ....... 

2 

0 

Ix'niflh  of  ciecuni  ........ 

1 

6 

Cireumfereuce  of  c;ivum  ...... 

a 

0 

Cireumfeix^iice  of  colon 

G 

0 

Ijcnpth  of  colon  and  rwtum  together  . . . . 

20 

0 

Total  length  of  intestinal  canal,  exclusive  of  the  caxrum  , 

58 

6 

§ .336.  Alimentary  canal  of  Pvrhsodactyla. — In  all  this  order 
the  stomach  lia-s  the  ordinary  simjdc  outward  form ; the  c.TCiim 
and  large  intestine  are  capacious  and  sacculate.  In  the  Tajur' 
the  oesophagus  ends  about  one  thinl  from  the  left  end  of  the 
stomach:  its  thick  epithelium  is  continued  for  the  extent  of 
3 inches  to  the  left  of  the  cardia,  and  for  that  of  7 inches 
to  the  right,  toward  the  pylorus:  the  rest  of  the  stomach  has 
a compact  villous  surface  with  a few  narrow  well-defined  rugae : 
the  gastro-mueous  membrane  increases  in  thickness,  through 
Icngthcuing  of  the  gastric  tuhules,  as  it  nears  the  pylorus.  The 
stomach  of  the  Sumatran  Tapir  presents  a similar  disposition  and 
proportion  of  the  cuticular  lining.  The  pyloric  part  of  the 
stomach  shows  a tendinous  lustre  on  each  side.  In  one  subject 
the  length  of  the  stom.ach  in  a right  line,  was  1 foot  8 inches.  In 
the  ducHlcnum  of  the  American  Tajar,  the  mucous  coat  is  raised 
into  transverse  folds,  along  an  extent  of  gut  of  about  5 inches : in 
the  rest  of  the  small  intestines  it  is  smooth  and  even.  In  the 
Sumatran  species  the  valvuhc  conniventes  are  continued  along  a 
greater  extent  of  the  beginning  of  the  small  intestine,  and  re- 
appear toward  the  c»cum.  The  length  of  this  cavity  is  1 foot, 
and  its  greatest  breadth  the  same : it  is  honcycomhed  internally, 
and  its  lining  membrane  dcvelopcs  short  obtuse  processes.  The 

length  of  the  small  intestines  in 
the  Sumatran  Tapir  is  69  feet : 
in  the  American  species  45  feet : 
the  length  of  the  large  intes- 
tines in  the  Sumatran  Tapir  is 
20  feet,  but  in  the  .\mcrican 
kitid  only  10  feet.  The  com|)a- 
rative  shortness  of  the  intestinal 
canal  in  the  .Vmerican  Tapir  is 
a specific  difference  not  explica- 
ble on  any  oliservcd  t>r  known 
difference  of  fisKl  or  habits. 

In  all  the  A'y;//V/re  the  stomach  is  siin]>le,  differing  from  that  in 
Man  by  the  jiyloric  part,  fig.  358,  d,  l)cing  less  contracted  and 

* Til''  si'Oi-ifs  Wi  n*  iho  ci»mnnui  ouc  Gmelin),  cm". 

^ p.  J61,  lunl  llu‘  Ttipinis  Somotrauun- 

y. 
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cavity,  where  it  terminates  abruptly  by  a j'rDininent  indented 
edge : the  interior  of  the  j)yloric  half  of  the  viseus,  «,  d,  presents 
the  usual  villous  mucous  surface.  Tlic  muscular  coat  of  the 
stomach  consists  of  several  snperim]K>sed  layers  of  fibres  that 
cross  each  other  in  different  directions,  some  of  them  being  aj)pa- 

* Vomiting  in  wre  «n<l  diffioult ; but  bocu  ub^«•rvMl  in  Bc:i-»iok  hornos  flun^  od 
board  tmnH|»ort-veH!M*l«4. 


produced  beyond  the  cardiac  part : and  this  distinction  is  main- 
tainc<l  by  more  important  characters  of  internal  structure.  The 
cesophagus,  b,  is  inserted  at  an  acute  angle  into  the  smaller  cur- 
vature, which  rather  resembles  a deep  cleft.'  The  cardiac  cul-tle- 
sac,  c,  is  very  capacious,  and  is  lined  throughout  internally  with  a 
thick  cuticular  layer  continuous  with  the  lining  <»f  the  <esophngus, 
and  extends  toward  the  j)ylorus  as  far  as  the  middle  of  the 


of  tlic  Marv  In  wlta.  rxsit'. 
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rently  derivations  from  the  muscular  bands  of  the  oesophagus.' 
The  alimentary  canal  is  short  in  comparison  with  that  of  the 
Ruminants;  but  this  want  of  length,  together  with  the  simjilicity 
of  the  stomach,  is  compensated  by  the  enormous  capacity  of  the 
large  intestine,  which  seems  of  itself  to  occupy  the  whole  of  the 
abdominal  cavity,  fig.  .159.’ 

Commencing  from  the  pylorus,  the  duodenum,  fig.  358,  f,  ia 
considerably  dilated  ; but  its  diameter  soon  contracts,  and  the 
rest  of  the  tract  of  the  small  intestines  is  of  pretty  equable 
dimensions  throughout,  or  if  it  presents  constrictions  here  and 
there,  they  disappear  when  the  gut  is  distended.  The  ileum, 
fig.  360,  d,  terminates  in  a cajcum  of  enormous  bulk,  ib.  a,  b,  c,  r, 

f,  which  is  separated  from 
the  commencement  of  the 
colon  by  a deep  constriction, 
g : the  cascum  near  its  ter- 
mination contracts  to  an 
obtuse  end,  b,  which  ia 
usually  turned  toward  the 
diaphragm.  It  has  four  lon- 
gitudinal bands.  The  colon 
itself  is  throughout  its  en- 
tire extent  pro]X)rt  innately 
voluminous : commencing 

in  the  right  flank,  its  ample 
folds,  fig.  339,  a,  b,  mount  upward  as  far  as  the  diaphragm, 
whence  they  descend  to  the  left  iliac  region,  where,  becoining 
gradually  contracted,  the  great  gut  terminates  in  the  rectum. 
The  a.scending  portion  of  the  colon,  a,  b,  is  separated  fn»in  the 
descending  part,  c,  d,  by  a constriction ; and  the  latter  forms  a 
third  remarkable  dilatation  before  it  ends  in  the  rectum.  The 
whole  colon  is  puckered  up  into  huge  sacculi  by  three  longitu- 
dinal muscular  bands,  which  toward  the  end  of  the  colon  are 
reduced  to  two ; and  these  c.\pand  and  coalesce  at  the  beginning 
of  the  rectum,  of  which  they  form  the  strong  outer  muscular 
layer.  The  small  intestines  are  about  56  feet  in  length : the 
cnccum  is  feet  in  length  and  about  2 feet  in  circumference. 
The  colon  maintains  the  same  circumference  to  near  its  termina- 
tion, save  that,  about  a yard  from  the  cajcum,  it  becomes  much 
dilated : its  length  is  2 1 feet. 

* At  ctTtain  seasonH  the  stomach  of  th**  Horse  is  infested  with  the  hirrse  of  a gad-flj’ 
{Q^ftrua  tqui).  Diiiibeutoii  figures  the  cavity  in  this  state,  cxxi'.  pL  v,  fig.  2. 

* cxxii'.  vol.  iv.  pl.s.  iv-v. 
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In  dissecting  the  Rhinoceros ' I wns  struck  hy  the  general 
resemblance  of  the  abdominal  anatomy  to  that  in  the  Horse. 
The  epiploon  was  not  observable  when  that  cavity  was  exposed, 
the  viscera  which  presented  themselves  being  in  immediate  con- 
tact with  the  sustaining  ])arictes.  A single  but  enormous  fold  of 
the  colon,  not  less  than  2 feet  in  breadth,  formed  more  than 
one  half  of  the  exposed  surface  of  the  abtlominal  viscera : it 
passed  obliquely  across  the  middle  of  the  cavity,  from  the  right 
hy|K)chondriac  to  the  left  hyjwgastric  or  iliac  region ; immedi- 
ately below  this  was  a smaller  fold  of  colon  running  parallel 
with  the  preceding ; below  this  was  a second  fold ; and,  occupy- 
ing the  right  iliac  region,  a part  of  the  smooth  parietes  of  the 
ca:ciun  appeared.  The  colon  was  not  displaced  without  con- 
siderable difficulty,  owing  to  the  weight  of  its  contents,  and  the 
strength  of  the  duplicatures  of  the  peritoneum  attaching  it  t<i  the 
spine  and  contiguous  parts.  Behind  and  above  the  great  oblique 
folds  of  colon  lay  a short,  thin  and  corrugated  epiploon,  devoid  of 
fat ; and  behind  and  below  them  were  several  coils  of  the  small 
intestines.  The  length  of  the  great  fold  of  the  colon  taken  in  a 
straight  line  as  it  lay  first  exposed  was  6 feet  6 inches : some 
idea  of  its  capacity  may  be  formed  from  the  fact  that  the  portion 
of  the  fold  next  the  ciecum  could  easily  contain  a man,  with 
ample  room  for  him  to  turn  about  in  it. 

The  cesophagus  extends  about  6 inches  into  the  abdomen, 
and  tenninates  at  the  cardiac  orifice  about  1 foot  5 inches  from 
the  left  extremity  of  the  stomach.  This  obtuse  sac  expands  to 
the  cardiac  orifice,  opposite  to  which  the  stomach,  as  in  the 
Horse,  presents  its  greatest  circumference ; it  gradually  contracts 
to  near  the  pylorus,  on  the  cardiac  side  of  which  the  stomach 
shows  its  smallest  circumference : it  then  expands  into  a blind 
end,  of  a hemispheric  form,  beyond  the  j)ylorus.  The  length 
of  the  stomach  in  a straight  line  was,  in  the  male,  4 feet ; its 
diameter  from  the  cardia  to  the  opposite  part  of  the  great  curva- 
ture was  1 f(X)t  10  inches.  The  small  curvature  between  the 
cardia  and  pylorus  was  1 fiK>t  9 inches.  There  is  a glistening 
ajmneurotic  sheet  upon  the  anterior  and  posterior  surfaces  of  the 
contracted  pyloric  end  of  the  stomach.  A sheet  of  white  thick 
c])ithelium,  continued  from  the  (esophagus,  spreads  from  the 
cardia  over  the  inner  surface  of  the  cardiac  ])ortion  of  the  stomach, 
about  1 foot  4 iuches  along  the  lesser  curvature.  This  epi- 
thelial layer  is  I line  thick,  smooth,  or  with  very  fine  ruga;  on 
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its  inner  surface,  and  terminates  by  a well-defined  border,  near 
which  it  is  jKjrforated  by  numerous  orifices  of  mucous  follicles. 
The  rest  of  the  inner  surface  of  the  stomach  presents  the  usual 
vascular  structure,  with  the  minute  orifices  of  gastric  tubules. 
There  is  no  crescentic  fold  or  valve  at  the  cardia,  as  in  the  horse : 
nor  is  there  any  valvular  protuberance  on  the  gastric  side  of  the 
pylorus,  as  in  the  cow  .and  most  ruminants : the  thickened  rim  of 
the  pylorus  is  slightly  produced  into  the  duodenum. 

The  outer  layer  of  the  muscular  tunic  is  one-fourth  the  thick- 
ness of  the  inner  layer,  and  becomes  thinner  over  the  pyloric  end 
of  the  stomach.  The  areolo-vascular  tunic  begins  to  increase  in 
thickness  near  the  termination  of  the  thick  ejiithelium  in  relation 
to  the  lodgment  of  the  gastric  tuhulcs. 

flhinorenu  tmfUnu* 


Femile.  IMido. 

The  length  of  the  small  intertines  was  . . AO  feet.  65  feet. 

The  cimmifereiici*  of  the  duotlenum  . . 8 inches.  10  icches. 

The  circumference  of  jtjunum  . . , 6 inches.  8 inches. 

The  circumference  of  ileum  ....  7 inches.  9 inches. 


The  lining  mcnihrane  of  the  duodenum,  at  the  beginning  of 
that  gut,  is  puckered  up  into  small  irregular  ruga: : flattened 
triangular  processes  begin  to  make  their  appearance  about 
6 inches  from  the  pylorus ; in  the  jejunum  three  or  four  of  these 
processes  arc  often  su])]K)rted  on  a common  base ; as  they  approach 
the  ileum  they  begin  to  lose  breadth,  and  gain  in  length,  until 
they  assume  the  appearance,  near  the  end  of  the  ileum,  of  vermi- 
form prf>cesses,  like  tags  of  worsted,  from  two-thirds  of  an  inch  to 
an  inch  in  length.  Intestinal  follicles  are  scattered  here  and 
there ; a conspicuous  reticular  agminate  patch  was  situated  close 
to  the  end  of  the  ileum.  The  small  intestines  have  nearly  the 
same  disiK)sition  as  in  the  Horse  ; they  are  suspended  by  a short 
mesentery,  in  whicdi  the  anastomosing  arteries  form  only  one 
series  of  arches.  The  mucous  membrane  of  the  ileum  projects  in 
the  form  of  a circular  fold  within  the  caicum  ; but  it  seems  ineffi- 
cient as  a valve  for  preventing  regurgitation  of  at  least  fluid 
matters  from  the  large  intestines.  The  length  of  the  catcum 
from  this  orifice  to  its  blind  extremity  in  the  male  Rhinoceros 
was  3 feet,  and  its  greatest  circumference  was  4^  feet.  In 
the  female  Rhinoceros  the  length  of  the  cajcum  was  2 feet ; 
its  circumference  2 feet  6 inches  ; these  pn>iKirtions  to  the  colon 
and  the  rest  of  the  intestinal  canal  being  rather  less  than  in  the 
Horse.  The  anterior  surface  of  the  cajcunt  is  traversed  longitu- 
dinally by  a fibrous  baud,  4 inches  broad,  ujxm  which  it  is 
slightly  sacculated  : a second  band  appears,  nearer  the  colon.  Its 
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lining  membrane  is  puckered  up  into  innumerable  irregular 
small  transverse  ruga:,  wbich  appear,  however,  to  be  but  tempo- 
rary foldings  of  the  mucous  membrane,  and  arc  easily  obliterated 
when  this  is  stretched.  The  colon  for  the  first  4 feet  of  its 
extent  is  puckered  up  upon  three  longitudinal  bands  into  sacculi, 
each  about  5 inches  long : it  is  here  suddenly  bent  upon  itself, 
forming  the  long  and  large  fold,  the  two  parts  of  which  are  very 
closely  connected  to  each  other ; and  here  it  dilates  into  the  very 
wide  portion  which  forms  the  most  prominent  object  on  laying 
open  the  abdomen;  the  beginning  of  this  dilatation  is  also  closely 
adherent  by  its  posterior  surface  to  the  opposite  surface  of  the 

beginning  of  the  ca;cum.  The  circumference  of  this  part  of  the 

colon  (which,  if  its  capacity  was  not  due  to  accidental  accumu- 
lation of  alimentary  matter,  might  be  regarded  as  representing  a 
second  caecum  or  reservoir)  is  5 feet : beyond  this  fohl  the  colon 
becomes  gradually  narrower,  its  smallest  circumference  being  20 
inches,  where  it  passes  into  the  rectum,  which  forms  several  short 
convolutions  before  its  termination. 

/IhinocfTMi  im/iViut. 

Pfinale.  Malr. 

The  entire  length  of  the  colon  was  . . . H)  feet.  25  feet. 

The  entire  length  of  the  rectum  . . . 3 feet.  5 feet. 

The  total  length  of  the  intestinal  canal,  including  the  cwcum, 
was  in  the  female  73  feet;  in  the  male  96  feet,  or  eight  times  the 
length  of  the  entire  animal.  The  circumference  of  the  rectum 
was  10  inches  in  the  female,  and  16  inches  in  the  male;  but  it 
widens  toward  the  anus.  The  masses  in  which  the  fajces  are 
discharged  from  the  immense  receptacles  formed  by  the  large 
intestine,  are  greater  than  in  the  Elephant,  and  are  softer 
and  more  amorphous.  The  longitudinal  miisculiir  fibres  of  the 
rectum  are  developed  into  powerful  fasciculi.  The  contrast 
between  these  fibres  and  those  of  the  c.xternal  sphmeter  is  well 
marked,  the  latter  presenting  the  striated  character  of  voluntary 
muscles. 

In  the  little  Hyrax,  as  in  the  Rhinoceros,  the  chief  feature  of 
the  abdominal  viscera  is  due  to  what  Pallas  justly  calls  ‘ insignis 
crassorum  intestinorum  apparatus  but  there  arc  complexities  of 
the  large  gut  superadded  to  those  in  other  Pcrissodactyles.  The 
oesophagus  has  a course  of  2 inches  in  the  abdomen : it  termi- 
nates in  the  same  relative  position  to  the  stomach  as  in  the 
Rhinoceros.  Two-thirds  of  the  cavity  are  lined  by  a thick,  white, 
wrinkled  epithelium  : the  stomach  is  bent  upon  itself  where  this 
lining  ceases. 

The  duodenum  is  not  so  loosely  connected  with  the  back  part 
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of  the  abdomen  as  in  most  Ttotientia ; but  it  bas  throughout  its 
course  an  entire  investment  of  j)eritoneum.  It  descends  in  front 
of  the  right  kidney  for  4 inches,  and  then  suddenly  returns 
ujK>n  itself,  passing  behind  the  ascending  colon,  and  runs  along 
the  middle  of  the  sjnne  iis  high  as  the  stomach,  where  it  becomes 
a l(x>se  intestine,  or  jejunum.  The  small  intestines  are  about  8 
lines  in  diameter,  and  present,  internally,  a series  of  about 
twelve  small  jwuches,  distant  from  .'J  to  5 inches  from  each  other, 
about  .I  lines  in  diameter  and  the  same  in  depth,  their  orifices 
jK)inting  toward  the  caecum.  These  ]>ouches  make  no  projection 
e.\ternally,  being  situated  wholly  beneath  the  muscular  coat. 
They  consist  of  dujdicatures  of  the  mucous  membrane,  and  are 
surrounded  by  the  agminate  follicles,  which  open  into  them  by 
numeroiis  orifices.  Their  use  would  appear  to  be  to  prevent 
the  secretion  of  these  glands  being  mixed  as  soon  as  formed 
with  the  chyme,  but,  by  retaining  it,  to  alter  its  *|iialities  in 
some  degree.'  The  rest  of  the  inner  surface  of  the  small  in- 
testines is  beset  with  long  and  fine  villi.  For  the  extent  of 
about  a foot  from  the  commencement  of  the  small  intestines 
I found  that  many  of  these  villi  terminated  in  a black  point. 
The  length  of  the  small  intestines  is  4 feet  6 inches. 

The  caecum  is  sacculated,  and  in  form  like  that  of  the  Tapir, 
its  magnitude  arising  more  from  its  breadth  than  its  length.  Its 
length  from  the  orifice  of  the  ileum  is  .3  inches,  its  circumfe- 
rence 8 inches.  The  colon  gradually  diminishes  as  it  leaves 
the  cx'cum,  4 inches  from  which  its  diameter  is  nearly  that  of 
the  small  intestines : the  dilated  j)art  of  the  colon  is  bent  in  a 
sigmoid  form,  and  the  remainder  is  convoluted  on  a broad  meso- 
colon, and  at  a distance  of  2 feet  from  the  dilated  part  ( when 
unravelled)  terminates  between  two  conical  cseca  in  a second 
dilivted  intestine.  Each  of  these  lower  ca;ca  is  an  inch  and  a 
half  in  diameter  at  its  base,  and  gradually  contracts  till  it  termi- 
nates in  a glandular  vermiform  appendage  about  half  an  inch 
long,  and  2 lines  in  diameter.  The  intestine  continued  from 
these  is  3 inches  in  di.amcter,  but  also  gradually  contracts, 
so  that  at  a distance  of  6 inches  it  also  becomes  as  small  as  the 
small  intestines.  The  whole  length  of  this  intestine,  or  second 
colon,  is  2 feet  6 inches;  making  the  length  of  the  whole 
intestinal  canal,  exclusive  of  the  cxca,  9 feet  4 inches,  or 
about  six  times  the  length  of  the  animal.  Notwithstanding  the 
complexity  of  the  intestinal  canal,  it  is  suspended  from  a single 
continuous  duplicature  of  the  peritoneum  advancing  from  the 

' cuii".  p.  203. 
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bodies  of  the  vertebrae  and  extending  from  the  beginning  of  the 
jejunum  to  the  rectum. 

5 337.  Alimentary  canal  of  Artiodartyla. — In  this  order  the 
stomach  is  the  usual  seat  of  complication ; the  caecum  is  simple. 
The  Hogs  (.S'l/iJ  present  the  least  complex  form  of  stomach. 
The  epithelium  continued  from  the  oesophagus  into  the  cardiac 
end  Ls  unusually  dense : and  the  part  to  the  left  of  the  gullet  is 
more  distinct  and  pouch-like  than  in  the  ordinary  simple  stomachs; 
the  remaining  and  larger  jtortion  of  the  stomach  has  its  soft  and 
vascular  lining  membrane  thrown  into  manj’  rugae.  ‘ Where  the 
oesophagus  enters  there  is  a doubling  of  the  stomach  on  the  left 
which  would  seem  as  if  designed  to  conduct  the  food  toward  the 
pylorus  : and  there  is  another  doubling  of  the  great  end,  at  that 
surface  where  the  oesophagus  enters,  as  it  were,  dividing  the 
great  end  from  the  rest  of  the  stomach.’ ' In  short,  one  may 
plainly  discern  the  initial  steps  in  the  modifications  for  affecting 
the  course  of  the  food  which  culminate  in  the  ruminants.  On 
the  left  side  of  the  cardia  the  hard  epithelium  extends  as  far  as  a 
ridge  which  partially  divides  the  general  carity  of  the  stomach 
from  the  small  blind  pouch  at  that  end:  on  the  right  side  the 
cuticle  terminates  at  the  ridge  formed  by  the  angle  between  the 
cardiac  and  pyloric  portions  of  the  cavity : the  muscular  tunic  of 
the  latter  portion  is  very  thick.  The  pylorus  is  defended  by  an 
oval  protuberance. 

In  the  Babyroussa  the  cardiac  portion  to  the  left  of  the  gullet 
is  much  more  extensive  than  in  the  common  Hog:  and  develops 
a more  distinct  blind  pouch,  curved  and  of  smaller  calibre  than 
the  rest  of  the  cardiac  end.  The  epithelium  of  the  margin  of  the 
cardiac  orifice  gives  off  small  processes,  and  these  also  appear  as 
tubercles  in  the  cardiac  pouch.  The  pyloric  part  of  the  stomach 
is  marked  by  the  thickness  of  its  walls:  its  mucous  surface  is 
reticulate.  In  the  Peccary  {Dicotyles  torqnatus)  the  stomach  is 
divided  into  three  compartments  by  the  inward  production  of 
two  broad  ridges,  which  arc  situated,  one  to  the  left,  and  the 
other  to  the  right  of  the  cardiac  orifice,  like  the  narrower  ones  in 
the  stomach  of  the  Hog.  The  cardiac  dirision  of  the  stomach  i.s 
greatly  extended  in  the  transverse  direction,  and  terminates  in 
two  moderately  elongated  blind  pouches.  This  division  com- 
municates with  the  middle  compartment  by  a broad  circular 
aperture.  The  oesophagus  opens  into  the  middle  compartment, 
which  is  of  less  extent  than  the  preceding,  and  communicates  by 

' cotixTi.  roL  ii.  p.  120. 
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a smaller  transverse  aperture  with  the  pyloric  division.  The 
whole  of  the  middle  compartment  is  lined  with  laminate  epi- 
thelium continued  from  the  oesophagus,  and  this  is  extended  a 
short  way  into  both  the  cardiac  and  pyloric  divisions.  But  the 
greater  part  of  the  cardiac  cavity,  with  the  two  cul-de-»acs,  being 
lined  by  a vascular  and  villous  membrane,  proves  that  it  has  a 
greater  share  in  the  digestive  processes  than  as  a mere  prepa- 
ratory receptacle.  Both  muscular  and  gastro-mucous  coats  of 
the  pyloric  cavity  are  remarkably  thick ; and  the  pyloric  valvular 
protuberance  is  well  defined. 

Daubenton  ' has  left  the  following  record  of  the  structure  of 
the  stomach  in  a foetal  Hippopotamus.  Externally  it  appeared 
to  be  composed  of  three  parts ; the  principal  portion,  extending 
from  the  cardiac  extremity  to  the  pylorus,  was  much  elongated, 
resembling  more  a portion  of  intestine  than  an  ordinary  gastric 
receptacle.  Besides  this  central  part,  extending  from  the  oeso- 
phagus to  the  pyloric  valve,  were  two  long  appendages  like  two 
caecums,  one  arising  on  the  right  side  of  the  cardia  and  running 
along  the  exterior  of  the  stomach  throughout  almost  its  entire 
length,  and  then  folding  backward,  the  other  and  shorter  cul-de- 
sac  issuing  from  the  posterior  aspect  of  the  cardiac  extremity  of 
the  stomach  and  projecting  toward  the  right  side.  The  interior 
of  this  stomach  is  so  divided  by  septa,  that  food  coming  into  this 
viscus  through  the  oesophagus  may  pass  by  different  channels, 
either  into  the  central  portion,  which  seems  properly  entitled  to 
the  name  of  stomach,  or  into  either  of  the  great  diverticula 
appended  to  it.  The  inferior  walls  of  the  central  stomach  have 
nine  or  ten  cavities  in  them,  something  like  those  of  the  Camel 
and  Dromedary.  The  lining  membrane  both  of  the  stomach  and 
diverticula  is  granular  and  wrinkled  except  near  the  pylorus, 
where  the  parietes  become  smooth  and  folded  into  numerous 
plic»  somewhat  resembling  those  of  the  third  stomach  of  a 
ruminant. 

Professor  Vrolik  * received  from  the  Cape  of  Good  Hoj>e 
drawings  of  the  viscera  of  a half-grown  Hippopotamus,  and  states 
that  they  showed  two  pouches  on  each  side  of  the  cardia,  which 
communicate  with  a large  pouch  the  cavity  of  which  is  divided 
transversely  by  numerous  folds,  like  valves : between  that  large 
cavity  and  the  pylorus  there  is  a narrow  appendage  which  opens 
at  the  pylorus : this  latter  appendage  is  not  indicated  in  Dau- 
benlon’s  figures  or  description.  Thus,  the  stomach  resembles  that 

' tom.  xii.  p.  55,  pi.  iv.  * cut",  p.  86. 
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of  the  Peccary,  with  the  exception  of  the  greater  length  and  trans- 
verse ridges  in  the  middle  portion  of  the  cavity.  I long  ago 
expected  the  opportunity  of  testing  and  supplementing  these 
descriptions  by  dissection  of  the  stomach  of  the  full-grown 
animal : but  the  Hippopotamus  received  at  the  Zoological  Gardens 
in  1850  still  lives,  in  good  health  (1867),  to  the  credit  of  that 
noble  and  well-administered  establishment. 

The  stomach  of  ruminant  Artiodactyles  is  divided  into  cavities 
so  distinct  in  boundary,  structure,  and  function,  that  they  have 
received  special  names.  The  first,  called  ‘ rumen,’  or  ‘ paunch,’’ 
is  the  largest,  forming  a capacious  reservoir ; its  inner  surface  is 
commonly  villous:  that  of  the  second  cavity,  called  ‘ reticulimi,’’ 
is  divided  into  small  compartments  or  cells,  mostly  hexagonal  in 
form : the  third  cavity  is  occupied  by  broad  longitudinal  folds, 
like  the  leaves  of  a book,  whence  the  name  ‘ psalterium  ’ ; * it  is 
the  least  constant  of  the  divisions : the  fourth  and  last  cavity, 
‘ abomasuB,’  * has  the  usual  structure  of  the  true  digestive  stomach, 
with  a vascular  and  finely  tubular  gastro-mucous  inner  coat. 

In  a pigmy  Musk-Deer  (^Tragulus  Kanchil),  the  paunch  is 
of  a subglobular  form,  partially  divided  into  three  ch^bers  by 
the  folding  inwards  of  the  parietes,  forming  prominent  ridges : 
the  inner  surface  is  beset  with  filamentary  villi,  covered  by  dense 
epithelium.  The  second  cavity,  or  reticulum,  is  less  distinctly 
separated  from  the  rumen  than  usual : the  cells  are  very  shallow, 
and  are  lined  by  dense  epithelium.  The  passage  leading  from 
the  oesophagus  to  the  third  cavity  is  bounded  by  two  low  parallel 
ridges : the  longitudinal  lamellae  which  are  characteristic  of  this 
cavity  in  other  ruminants  are  wanting,  but  as  it  possesses  the 
dense  epithelium,  it  may  be  regarded  as  a rudimentary  form  of 
* psalterium : ’ it  is  partially  separated  from  the  fourth  cavity  by 
a semilunar  fold.  This  cavity  has  a smooth  gastro-mucous  mem- 
brane : the  muscular  tunic  is  thickest  at  the  pyloric  end,  where 
a small  valvular  protuberance  projects  above  the  orifice  leading 
to  the  intestine.  This  least  complex  condition  of  the  true  rumi- 
nant stomach  represents  a stage  in  its  development  in  the  larger 
species. 

The  next  modification  is  more  simple  than  the  true  ruminant 
stomach  in  some  essential  characters,  but  more  complex  in  acces- 

' Syn.  ' penula,'  ‘ I’herbier,’  ' la  double,'  (fig.  362,  A.) 

’ Syn.  ‘bonnet,’  'rieean,'  ‘ honey-comb-bag,'  'water-bag,'  (ib.  e.) 

’ ‘ centipellia,'  ‘ maniploa,’  ‘ le  feuiUet,’  ■ omaans,’  (ib.  d.) 

* Syn.  ‘ la  caillette,’  ‘ rennet-bag,'  (ib.  e.) 
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Kory  j)articulars : it  is  presented  by  the  Cumelida,  and  will  be 
first  described  as  it  appears  in  the  stomach  of  a fatal  Llama 
{^Auchenia  Glamu,  Desin.).  Like  the  stomach  of  Tragulus,  the 
])8alteriuni  is  less  distinctly  separated  from  the  abomasus,  and  at 
this  early  period  of  existence  it  exhibits  in  tlie  Llama  a similar 
deficiency  of  the  characteristic  longitudinal  lamina; ; but  it  is  also 
devoid  of  the  dense  epithelium.  The  reticulum,  however,  is  much 
more  complex,  e.ich  of  the  larger  alveoli  being  developed  into  many 
smaller  ones, — a structure  partially  indicated  in  the  reticulum  of 
the  Goat,  and  more  strongly  marked  in  that  of  the  Ox.  There 
are,  moreover,  two  groups  of  cells  developed  from  distant  parts 
of  the  rumen,  which  differ  from  those  of  the  reticulum  in  being 
shallower  and  being  visible  from  without,  givdng  a sacculated 
character  to  those  p.irts  of  the  paunch.  The  rumen  has  the  dense 
C]iithclial  lining,  but  is  destitute  of  the  villi  which  characterise  it 
in  the  horned  ruminants.  It  is  partially  divided  into  two  com- 
partments by  a strong  fa.sciculus  of  muscular  fibres,  which,  com- 
mencing on  the  left  side  of  the  cardiac  orifice,  traverses  the  paunch 
longitudinally.  On  the  right  side  of  this  ridge,  about  fourteen 
smaller  muscular  fasciculi  pass  oflF  at  right  angles,  and  these  ridges 
are  connected  by  still  smaller  fasciculi,  running  transversely  be- 
tween them,  at  definite  distances  from  each  other;  the  quadr- 
angular spaces  which  result  from  the  above  arrangement  of 
fasciculi  arc  partly  closed  by  a production  of  the  lining  membrane, 
leaving  a circular  aperture  in  the  centre  of  each  square  for  the 
])assage  of  liquids  into  the  cells  beneath.  The  compartment  of 
the  paunch,  to  the  left  of  the  great  longitudinal  ridge,  terminates 
in  two  sacculi,  at  what  may  be  considered  the  cardiac  extremity. 
The  sacculus  nearest  the  oesophagus  is  simple ; the  one  farthest 
from  it  is  devclojicd  into  a series  of  cells,  of  a smaller  size,  but  of 
jirccisely  similar  construction  to  those  on  the  op]iosite  side  of  the 
paunch, — a series  of  smaller  muscular  bands  pa.ssing  off  at  right 
angles  from  the  larger  one  which  se]>arates  the  two  sacculi,  and 
these  lesser  bands  being  connected  by  transverse  fasciculi,  in  the 
intervals  of  which  the  cells  are  developctl.  The  reticulum  or 
water-bag,  shows  that  the  cells  arc  situateol  between  a series  of 
parallel  muscular  fasciculi,  as  in  the  riunen ; but  their  further 
subdivision  is  carried  to  a greater  extent,  and  their  orifices  are 
not  guarded  by  membranous  ])roductions.  The  dense  epithelium 
is  not  continued  into  this  cavity:  its  muscular  coat  is  so  dis|Hise«l 
that  the  exterior  is  smooth  and  unifonu,  and  the  cells  are  scarcely 
visible  from  without.  A muscular  ridge,  longitudinal  at  the  end 
of  the  oesophagus,  winds  round  the  iqiper  part  of  the  reticulum 
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to  teminate  at  the  orifice  of  the  psallcrium.  By  the  contraction 
of  this  fasciculus,  all  conjmunication  between  the  first  two  cavities 
and  the  oesophagus  is  cut  off,  and  food  is  conducted  into  the  third 
cavity.  A slighter  degree  of  contraction  cuts  off  the  communi- 
cation with  the  rumen,  and  allows  the  passage  of  fluids  direct  into 
the  reticulum  or  water-bag,  which  probably  takes  place  when  the 
Camel  or  Llama  drinks.  A free  communication,  however,  subsists 
between  the  water-bag  and  paunch.  The  oblique  canal  leading 
to  the  third  cavity,  forms,  in  the  Camel,  a small  sacculus,  dis- 
tinct from,  and  intervening  between,  the  reticulum  and  psalte- 
rium:  it  is  not  so  distinct  in  the  Llama ; but  on  a close  inspection, 
the  inner  membrane  nearest  the  orifice  above  mentioned  may  be 
seen  to  be  produced  into  ridges,  which  are  arranged  in  a reti- 
culate or  alveolar  form ; and  as  a similar  structure  is  more  dis- 


m 

i 


tinctly  observable  in  the  Camel,  this  cavity  was  considered  by 
Daubenton  as  the  homologue  of  the  reticulum,  and  the  water- 
bag  as  a peculiar  superaddition.  The  remainder  of  the  stomach, 
in  the  foetal  Llama,  may  be  seen  to  form  one  elongated  con- 
tinuous cavity,  bent  upon  itself  at  its  lower  third,  without  rugas 
or  laminae ; the  latter  being  after-  361 

wards  developed  at  the  cardiac  . 

half  of  this  cavity.  The  pylorus 
is  a small  transverse  ai>erture, 

jirotected  above  by  a large  oval  ' 

|>rotuberancc.  The  duodenum  is  gmjS 

considerably  dilated  at  its  com- 
mencement. 

The  cuticular  villi  are  not  dc-  f ^ ^9 

veloped  in  the  paunch  at  any  age  jWvS 
or  in  any  species  of  the  Camel-  fJJSS  ® 
id<e‘,  but  the  appended  pouches, 
fig.  36 1 , augment  in  relative  size. 

They  are  arranged,  as  in  An- 
rhenia,  in  two  groui»— one  on 
the  right,  the  other  on  the  left 

side ; the  former  being  the  larger,  and  in  the  adult  Dromedary 
measuring  about  one  foot  and  a half  in  length,  and  six  inches  in 
breadth.  The  cells  of  each  group  are  disposed  in  parallel  rows, 
separated  from  one  another  by  strong  muscular  bundles,  given 
off  from  a single  large  band  of  fibres  which  commences  at  the 
cardiac  extremity  of  the  rumen,  and  proceeds  in  a longitudinal 
direction,  dividing  the  entire  cavity  into  two  compartments. 
The  muscular  fasciculi  are  arranged  transversely,  and  give  off 


WAifr  orllt  fixm  lb«  pstiorJi  at  the  Oime 
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secondary'  bundles  at  right  angles  and  regular  intervals,  so  that 
the  orifice  of  each  sacculus,  of  a square-shape  when  not  con- 
tracted, is  guarded  by  a powerful  sphincter.  Some  of  the 
cells  are  more  complicated  than  others,  being  subdivided  into 
numerous  loculi  by  folds  of  the  lining  membrane.  The  largest 
of  the  reservoirs  in  the  adult  Dromedary,  when  dilated,  have  a 
depth  and  width  of  about  three  inches.  The  second  cavity,  or 
reticulum,  has  not  the  dense  epithelial  lining  in  either  Dromedary 
or  Camel : the  muscular  longitudinal  fasciculi  forming  the  prin- 
cipal ridges  between  the  cells  are  less  thick  than  the  correspond- 
ing ones  of  the  paunch-cells : the  middle  fibres  in  each  become 
tendinous  in  the  Llama ; but  the  transverse  fasciculi  continue 
muscular,  and  spread  over  the  circumference  of  the  cells,  con- 
tinuously with  the  general  muscular  tunic  of  the  cavity.  In  the 
Camel  the  tendinous  character  is  not  obrious  in  the  fasciculi  which 
close  the  primary  cells  of  the  reticulum.  This  cavity  and  the 
paunch  freely  intercommunicate,  and  hoth  have  the  same  relation 
to  the  oesophagus,  as  in  true  ruminants.  The  muscular  channel 
also  exists  for  conveying  the  ruminated  or  remasticated  food  past 
them,  to  a small  third  unlaminated  cavity  in  the  Camel,  through 
which  it  passes  to  the  last  or  true  stomach.  This,  however,  is 
divided  by  a modification  of  the  lining  membrane  into  two  parts  ; 
in  the  first  the  membrane  is  produced  into  many  parallel  longi- 
tudinal folds,  not  covered  by  laminate  epithelium,  and  gradually 
subsiding  into  the  ordinary  ruge  of  the  lining  membrane  of  the 
rest  or  pyloric  part  of  the  true  stomach : there  may  be  a slight 
constriction  between  the  parts  of  the  stomach  above  modified. 
The  pyloric  protuberance  exists  in  the  Camels. 

The  experiments  of  Clift'  proved  the  direct  transit  of  water 
drunk  by  the  Camel  into  the  reticulum,  where  it  was  found 
‘ pure,’  and  also  into  the  appended  cells  of  the  rumen,  where  it 
was  discoloured : while  the  concurrent  testimonies  of  travellers 
in  the  arid  regions  traversed  hy  this  animal  establish  its  power  of 
there  retaining  water,  as  in  a reservoir,  for  some  days. 

In  true  or  ordinary  Ruminants  the  muscular  fibres  of  the  oeso- 
phagus are  disposed  on  two  layers  of  spirals,  taking  reverse  direc- 
tions, which  decussate  at  one  or  other  of  two  opposite  longitudinal 
lines : the  outer  layer  contains  more  muscular  and  less  cellular 
tissue  than  the  inner  one ; the  fibres  of  both  are  of  the  striated 
kind ; and,  as  is  usual  where  such  are  in  more  habitual  and  ener- 
getic action,  they  have  a redder  colour  than  in  non-ruminating 
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mammals.  In  the  Giraffe  the  outer  layer  is  more  transversely 
disposed  than  the  opposite  spirals  of  the  inner  layer.  The  mucous 
membrane  of  the  oesophagus  is  thick  and  firm ; it  is  lined  by  a 
smooth  and  dense  epithelium,  and  is  connected  to  the  muscular 
coat  by  a very  lax  cellular  membrane.  The  entire  tube  in  the 
Giraffe  is  remarkable  for  its  length,  and  well  displays  in  the  liv- 
ing animal  the  rapidity  with  which  the  bolus  is  shot  upward  to  be 
remasticated. 

The  food  when  first  gathered  into  the  mouth  is  subject  in  all 
Ruminants  to  a coarse  and  brief  mastication,  and  is  swallowed 
without  interruption  of  the  act  of  grazing  or  browsing;  the  coarse 
bolus  pushes  open  the  lips  of  the  groove,  g,  fig.  362,  and  at  once 
enters  the  first  cavity  of  the  stomach,  ib.  b ; water  that  may  be 
drank  finds  its  way  mainly,  as  in  the  Camel,  into  the  cells  of  the 

3A2 
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second  cavity,  c.  The  paunch  is  most  capacious,  is  usually  bifid, 
and  the  thick  epithelium  is  continued  over  its  inner  surface, 
which  is  multiplied  by  close-set  villiform  processes.  In  the 
Giraffe,  though  varying  at  some  parts  of  the  paunch,  they  are,  in 
the  main,  more  regular  and  uniform  in  their  size  and  shape  than 
in  the  Ox ; they  are  relatively  narrower  and  longer ; their  mar- 
gins are  thickened  but  entire,  not  notched,  and  they  become  ex- 
panded and  rounded  at  their  free  extremity,  instead  of  tapering 
to  a point,  as  in  many  parts  of  the  paunch  of  the  Ox : they  re- 
semble more  those  of  the  Reindeer.  In  the  Sheep  the  villi  are 
flattened  and  expanded  at  the  end : in  the  Reindeer  they  are 
longitudinally  plicated  ; they  are  larger  and  coarser  in  the  Bison 
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than  in  the  Ox  : in  the  Goat  they  are  elongate  and  spatulate,  but 
become  shmler  as  they  approach  the  reticulum. 

There  is  more  variety,  however,  among  the  horned  Ruminants, 
in  the  form  and  depth  of  the  cells  of  the  reticulum,  fig.  362,  c, 
and  these  modifications  mainly  relate  to  differences  in  the  power 
of  retaining  fluids.  The  strueture  of  the  Reindeer’s  stomach 
exemplifies  this  relation  : the  snow  which  must  be  swallowed 
with  the  lichens  through  a great  part  of  the  year  would  render 
any  reservoir  for  water  unneccs-sary,  and  the  cells  in  the  reticulum 
are  remarkably  shallow.  The  same  structure  also  obtains  in  the 
Giraffe  sustained  by  juicy  leaves  and  buds:  the  cells  are  not, 
however,  as  has  been  stated,  entirely  wanting;  but  their  hexa- 
gonal boundaries  appear  as  mere  raised  lines  supporting  a row  of 
pyramidal  papilla:  larger  than  those  in  the  interspaces : for  any 
imaginable  use  they  might  have  been  arranged  in  any  other,  even 
the  most  irregular,  forms  ; but  that  pattern  is  closely  adhered  to, 
which  grouping  together  a number  of  cells  in  the  least  possible 
space  renders  necessary  in  other  Ruminants,  and  which  is  almost 
univei’sal  in  nature.  In  the  Goat  some  of  the  hexagonal  cells  are 
divided  into  smaller  cells.  In  the  Ox  the  deep  cells  are  chiefly 
disposed  between  broad  parallel  septa:  and  these  are  also  divided 
into  smaller  cells. 

The  food  is  subject  to  a rotatory  movement  in  the  paunch,' 
and  is  brought,  successively,  in  this  course,  to  be  moistened  by  the 
fluid  of  the  reticulum.  If  a Ruminant  be  alarmed  in  his  pasture 
or  browsing  ground,  it  can  transj>ort  the  mass  of  hastily  swallowed 
food  in  the  paunch,  as  in  a receptacle,  to  a place  of  safety  and 
concealment,  and  there,  the  animal,  at  rest,  can  complete  the  act 
of  digestion.  This  is  done  hy  the  abstraction  of  the  softer  portion 
of  the  macerated  food,  successively  brought  within  the  grasp  of 
the  muscular  walls  of  the  groove,  g,  fig.  362,  where  it  is  moulded 
into  a bolus  and  transferred  by  an  antiperistaltic  action  of  the 
muscular  coat  of  the  oesophagus  to  the  mouth.  It  is  there  subjected 
to  a longer  and  better  process  of  mastication  than  at  first ; and, 
being  mixed  more  thoroughly  with  the  saliva  and  other  fluids  of 
the  mouth,  it  is  a second  time  swallowed.  The  soft  mass  is  now- 
less  fit  to  push  its  way  out  of  the  a-sophageal  groove;  but,  the  mus- 
cular walls  being  stimulated  to  contract,  they  close  the  entry  to 


' The  arrangement  of  the  outer  hairs  in  the  agglutinated  masses  called  ‘aegagro- 
piles, ’ occasionally  found  in  the  paunch,  is  the  effect  of  this  movement:  the  peculiar 
concretions  called  * bezoars'  are  most  commonly  found  in  the  paunch  of  Antelopes; 
and  are  probably  due  to  the  long  sojourn  in  recesses  of  that  receptacle  of  parts  of  the 
gummy  shrubs  on  which  they  browse. 
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the  first  and  second  cavities,  and,  drawing  that  of  the  psalteriuni, 
ib.  d,  nearer  to  the  gullet,  conduct  the  remasticated  bolus  into 
the  third  cavity,  the  deep  parallel  crescentic  folds  of  the  lining 
membrane  of  which  occupy  almost  its  whole  area : the  thick  epi- 
thelium is  continued  ujwn  these  folds.  In  the  psalterium  of  the 
Giraffe,  between  each  two  narrow  folds  there  is  alternately  one  of 
great  and  one  of  moderate  breadth,  as  in  the  Ox : ' these  lamellae 
are  beset  with  short  pyriform  papillae.  The  bolus  is  squeezed  into 
the  interspaces,  deprived  of  the  superfluous  alkaline  fluid,  and  is 
passed  on  in  a less  dilute  state  to  undergo  the  action  of  the  true 
digestive  acid  secretion  of  the  fourth  and  last  compartment,  ib.  <r. 
The  communication  between  this  cavity  and  the  psalterium  is 
wider  than  between  the  latter  and  the  (esophageal  groove : but 
the  distinction  is  marked  by  the  abrupt  termination  of  the  thick 
epithelium.  The  vascular  and  finely  villous  lining  of  the  abomasus 
is  usually  thrown  into  large  oblique  wavy  rug® ; which  subside 
toward  the  pylorus.  In  the  Giraffe  these  rug®  are  slightly  de- 
veloped and  chiefly  longitudinal : the  pylorus  is  protected  by  a 
valvular  protuberance  placixl  above  it,  as  in  other  Guminants,  just 
within  the  stomach  ; this  protuberance  is  relatively  smaller  than 
in  the  Llama. 

When  the  Giraffe  ruminates,  it  masticates  the  bolus  for  about 
fifty  seconds,  applying  to  it  from  forty  to  fifty  movements  of  the 
lower  Jaw,  and  then  swallows  it : after  an  interval  of  three  or 
four  seconds  a second  bolus  is  regurgitated.  A slight  (iontraction 
of  the  abdominal  parietes  accompanies  the  action  of  the  stomach 
by  which  the  regurgitation  is  commenced.  This  action  of  the 
abdominal  parietes  in  rumination  is  much  stronger  in  the  Camel. 
The  Camelid®  differ  from  the  true  Ruminants  in  the  m(Kle  in 
which  the  cud  is  chewed ; it  is  ground  alternately  in  opposite 
directions  from  side  to  side:  in  Oxen,  Sheep,  Antelopes,  and 
Deer,  the  lower  jaw  is  ground  against  the  upper  by  a uniform 
rotatory  motion : the  movements  may  be  from  right  to  left,  or 
from  left  to  right,  but  they  are  never  regularly  alternate  through- 
out the  masticatory  process  as  in  the  Camels. 

In  the  sucking  Ruminants  the  first  and  second  cavities  of  the 
stomach  are  relatively  small,  collapsed,  and  the  milk  flows  almost 
wholly,  at  once,  into  the  psalterium  and  abomasus.  The  lamin® 
of  the  psalterium  are  early  developed  in  the  foetal  calf. 

In  all  Artiodactyles  the  duodenum  is  dilated  at  its  commence- 
ment : it  there  forms  a distinct  pouch  in  the  Camel.  The  gut 

^ In  this  ruminant  iHubenton  counted  24  large  folds,  and  each  interspace  included 
one  middle  sized  and  two  small  folds,  nioetj-siz  in  all.  ccxxii'*,  tome  ir.  p.  494. 
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in  loosely  suspended.  In  the  Hog  it  adheres  to  the  back  part  of 
the  ascending  colon  before  bending  forward  to  bectuse  jejtzonm : 
the  small  intestines  form  numerous  short  conrolutions : their 
lining  membrane  is  not  produced  into  folds.  Hunter  found 
them  twenty  times  the  length  of  the  body  of  the  domestic  Hog: 
they  are  much  shorter  in  the  Wild  Boar.  The  caecum  is  about 
four  inches  in  length  and  an  inch  in  diameter,  lying  loose,  but 
attached  by  a peritoneal  fold  to  the  ileum.  The  colon  in  part  of 
its  course  is  disposed  in  five  spiral  coils  ‘like  a screw,  coining 
nearer  the  centre;  at  the  end  of  which  it  is  bent  back  upon 
itself,  passing  between  the  former  turns  as  far  as  the  first, 
but  in  this  retrograde  course  it  gets  nearer  the  centre  of  the 
screw,  so  that  it  is  entirely  bid  at  last,  then  makes  a quick  turn 

upward,  as  high 
as  the  first  spiral 
turn : thence  it 
crosses  the  spine 
before  the  mesen- 
tery, adhering  to 
the  lower  surface 
of  the  pancreas, 
and,  as  it  were, 
inclosing  the  fore 
part  of  the  root 
of  the  mesentery : 
then  passes  down 
before  the  duode- 
num, gets  behind 
the  bladder  and 
forms  the  rec- 
tum.’* 

The  spiral  turns 
of  the  colon,  above 
described,  form 
one  of  the  cha- 
racteristics of  the 
Artiodactyle  or- 
der : they  are  re- 
presented, as  they 
appear  in  the  Sheep,  in  fig.  363.  The  ileo-ctecal  valve  consists 
of  two  semilunar  folds  in  the  Hog.  The  caecum  of  the  Babyroussa 
consists  of  an  expanded,  sub-bisacculate  part  and  a narrower  short 

' ccxxxTi.  ii.  p.  121. 
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Straight  obtusely  terminated  part.  The  cecum  of  the  peccary  is 
similar  but  less  capacious,  and  more  pointed  at  the  end. 

In  Ruminants  the  small  intestines,  of  almost  uniform  calibre, 
are  suspended  in  short  convolutions  upon  a broad  mesentery,  fig. 
363,  a,  b.  In  many  species  the  agminate  follicles  are  lodged,  as  in 
Hyrax,\n  fosse  of  the  mucous  membrane,*  fig.  364.  The  cecum, 
fig.  363,  c,  is  of  a simple  oblong  form : a patch  of  follicles,  usually 
lodged  in  a pouched  recess,’  is  situ- 
ated near  the  ileo-cecal  orifice.  This 
is  surrounded  by  a circular  ridge; 
the  cecum  is  less  dilated  in  the 
Vicugna  than  in  the  Sheep.  In  the 
Giraffe,  also,  the  cecum  is  a simple 
cylindrical  gut : it  is  about  two  feet 
in  length  and  six  inches  in  circum- 
ference : it  extends  downward  from 
where  the  ileum  enters,  and  its  blind 
end  appears  on  the  left  side  above 
the  pelvis;  but  this  position  might 
be  accidental  as  its  connections  are 
loose.  The  ileum  terminates  by  a 
circular  tumid  lip  within  the  csscum,* 
fig-  365,  a ; the  contiguous  glandular 
cavity  is  sacculate.  The  disposition 
of  the  colon  resembles  that  of  the 
Deer.  The  extent  of  this  intestine, 
before  it  begins  to  make  the  spiral 
turns,  is  about  eight  feet;  it  becomes  narrower  where  it  takes 
on  this  characteristic  disposition,  and  the  separation  of  the 
faeces  into  pellets  begins  at  the  end  of  this  part.  The  spiral 
coils  are  situated  to  the  left  of  the  root  of  the  mesentery, 
which,  with  the  small  intestines,  must  be  turned  to  the  right  in 
order  to  bring  them  into  view : there  are  four  complete  gyrations 
in  one  direction,  and  four  reverse  coils  in  the  interspaces  of  the 
preceding,  the  gut  being  bent  back  upon  itself : the  length  of 
tills  part  of  the  intestine  when  unravelled  is  about  fourteen  feet. 
The  spiral  coils  are  not  on  the  same  plane,  but  form  a depressed 
and  oblique  cone,  whose  concavity  is  next  the  mesentery.  The 
colon,  emerging  from  its  coils,  passes  to  the  right,  behind  the  root 
of  the  mesentery,  becomes  connected  with  the  duodenum  and  the 

' cxiTn".  vol.  i.  2nd  ed.  (1852)  p.  229,  No.  760  a,  and  No.  760  o (Camelui). 

’ cxLvn*.  Tol.  i.  p.  220,  No§.  726  c {^Vimgna)  726  n (Llama)  p.  221. 
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first  part  of  its  own  course,  then  winds  round  to  the  left  of  the 
mesentery,  and  finally  recedes  backward  and  descends  to  form 
the  rectum.  In  those  Ruminants,  as  the  Ox,  which  have  soft 
undivided  fasces,  the  coils  arc  less  numerous  and  regular ; the 
cascum  is  between  two  and  three  feet  long  in  the  Ox ; it  is  sub- 


.105 


ll«N>-cirfAl  vairr  and  contlfuoua  agmlnau*  fulUcU**.  Olraitr.  xm*. 


bifid  at  the  end  in  the  Buffalo : the  colon  is  shorter  and  wider 
in  both,  than  in  the  Giraffe,  Deer,  Sheep  and  Goat  tribes,  where 
the  faH’cs  arc  expelled  in  small  pellets.  In  such  lluminants  the 
anus  is  a more  contracted  aperture  than  in  the  Bovines  or  in 
Perissodactyles. 
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The  herbivorous  Mammals  differ  from  the  carnivorous  more  in 
the  character  of  their  large  than  of  their  small  intestines.  The 
less  putrefactive  nature  of  their  food  renders  it  susceptible  of  a 
longer  retention  in  the  body ; and  the  receptacular  and  sacculate 
structures,  and  convolute  extension,  of  the  large  intestines  seem 
especially  designed  to  retard  the  course  of  the  alimentary  sub- 
stances. In  the  anomalous  instance  in  a Human  body,  recorded 
by  Abernethy,  of  a reduction  of  the  length  of  the  small  intes- 
tine to  about  two  feet,  the  compensation  was  effected  by  an  un- 
usual length  and  size  of  the  colon.  The  condition  of  the  subject 
‘ showed  that  nutrition  wa.s  not  scantily  supplied.’ ' Dupuytren 
noticed  in  a patient  who  had  an  artifical  anus  near  the  end  of  the 
small  Intestines,  that  the  vegetable  parts  of  the  food  thence 
ejected  were  undigested.  Dr.  Beaumont  also  observed  that  the 
vegetable  substances  underwent  much  less  change  than  the 
animal  substances  in  the  stomach  of  the  man  (Alexis)  with  the 
fistulous  opening  into  the  stomach.  That  organ  in  the  Artio- 
dactyles  (Peccary,  Ilipiwpotamus,  and  Ruminants)  is  rendered 
specially  complex  for  overcoming  the  difficulty,  and  the  caecum 
and  colon  are  comparatively  small : but  in  the  Perissodactyles 
(Horse,  Tapir,  Rhinoceros)  the  more  simple  stomach  is  compen- 
sated by  the  increased  capacity  and  complexity  of  the  large 
intestines.  The  subdivided  stomach  in  the  Sloths  is  in  some 
respects,  as  e.  g.  the  glandular  appendage,  and  vascular  secern- 
ing surface  of  the  paunch,  more  complex  than  that  of  Ruminants; 
and  here  accordingly  we  find  the  ca;cum  absent  and  the  colon 
undefined.  The  Dormouse  and  other  hybernating  Rodents  are 
far  from  being  the  sole  e.xceptions  to  the  presence  of  a propor- 
tionally large  cajcum  in  herbivorous  quadrupeds ; such  receptacle 
is  only  found  in  those  species,  in  which,  through  the  necessity  of 
a correlation  with  other  circumstances  than  that  of  the  nature  of 
the  food,  the  stomach  retains  the  simple  form  and  moderate  size 
of  that  of  the  carnivorous  or  omnivorous  mammals.  Comj)arativc 
Anatomy  demonstrates  that  neither  a complex  stomach  nor  a large 
caecum  is  essential  to  the  digestion  of  vegetable  food ; but  it 
teaches  that  a capacious  and  complex  alimentary  canal,  as  a whole, 
is  related  to  that  purpose,  at  least  in  the  Mammalia.  Either  a 
highly-developed  and  concentrated  glandular  apparatus  must  be 
added  to  the  stomach,  as  in  the  Dormouse,  Wombat  and  Beaver; 
or  the  stomach  must  be  amplified,  subdivided  or  sacculated,  as  in 
the  Ruminants  and  hci’bivorous  Marsupials ; or  both  complexities 
must  be  combined,  as  in  the  Sloths,  Dugongs  and  Manatees ; or, 

• cxLvi".  p.  63. 
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if  a simple  condition  of  stomach  is  retained,  it  must  be  compen- 
sated by  a large  sacculated  colon  and  caecum. 

§ 338.  Liver  of  Mammalia. — The  liver,  as  a rule,  is  divided 
into  a greater  number  of  lobes  in  tbe  present  than  in  the  pre- 
ceding classes,  the  body  being  more  flexuous  at  the  seat  of  the 
vlscus.  In  the  stiff-trunked  Whales  and  erectly-moving  Man  the 
organ  is  more  compact : and  it  is  least  subdivided  in  the  purely 
herbivorous  Ungulates  where  a minor  degree  of  hydrocarbonates 
has  to  be  eliminated.  Thus,  in  a full-sized  Giraffe,  the  liver 
weighed  but  6 lbs.  lloz.  avoirdupois ; it  was  of  a flattened,  wedge- 
like form,  consisting  of  one  lobe,  with  a small  posterior  Spigelian 
process;  its  greatest  breadth  was  12  inches;  its  dorso-ventral 
diameter,  8 inches.  The  postcaval  vein  passed  through  a notch 
at  the  posterior  edge  of  the  liver,  and  did  not  perforate  it.  In 
all  Ruminants  the  liver  is  confined  to  the  right  hypochondriac 
and  epigastric  regions.  In  most,  two  lateral  lobes  are  indicated 
by  a small  fissure  at  the  entry  of  the  suspensory  ligament.  In 
the  Ox,  the  main  part  to  the  right  is  partially  subdivided  into 
two,  with  the  ‘ Spigelian  ’ process  from  the  back  part  of  the  right 
subdivision:  with  a breadth  of  13  inches  and  a dorso-ventral 
diameter  of  10  inches,  the  greatest  thickness  does  not  exceed 
3 inches.  In  the  Camelidce  the  under  surface  of  the  liver  is  sub- 
divided into  many  polygonal  lobules  of  small  but  varying  size : 
the  fissures  between  some  of  which  extend  to  the  convex  surface. 

In  Cetacea  the  liver  more  resembles  that  of  the  human 
subject,  but  is  not  so  thick  at  its  base  nor  so  sharp  at  the  front 
or  ventral  edge.  The  right  lobe,  e,  fig.  355,  is  the  lai^est  and 
thickest;  the  falciform  ligament  is  broad,  and  there  is  a deep 
fissure,  g,  between  the  two  lobes,  into  which  the  round  ligament 
passes.  The  left  lobe,  f,  is  extensively  and  firmly  attached  to 
the  stomach,  the  small  omentum  being  a thick  substance. 

In  Sirenia  the  liver  is  flatter  and  more  transversely  extended. 
In  the  Dugong  the  liver  is  a transversely  oblong  viscus,  divided 
into  three  lobes  with  a fourth  small  process  at  the  root  of  the  left 
lobe,  representing  the  lobulus  Spigelii.  It  is  as  usual  convex 
toward  the  diaphragm,  but  rather  flattened  than  concave  toward 
the  viscera,  the  anterior  margin  is  thick  and  rounded.  Of  the 
three  larger  lobes  the  middle  one  is  the  smallest,  of  a square 
shape,  projecting  forward,  and  as  it  were  over-hanging  the  gall- 
bladder, which  is  lodged  in  the  middle  of  the  inferior  surface. 
The  ligamentura  suspensorium  is  continued  upon  the  middle  lobe, 
immediately  above  the  gall-bladder,  the  anterior  margin  of  this 
lobe  being  notched  to  receive  it,  and  the  remains  of  the  umbilical 
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vein  enter  the  liver  an  inch  above  the  fundus  of  the  gall-bladder. 
The  two  lateral  lobes  are  more  than  double  the  size  of  the  cystic 
lobe,  and  of  these  the  left  is  the  largest.  Both  these  lobes  are 
concave  toward  the  small  middle  lobe,  which  they  thus  surround 
and  conceal.  The  lobulus  Spigelii  is  of  a flattened  and  square 
shape,  measuring  inch  in  length.  The  Manatee  has  a gall- 
bladder. 

In  the  Ilog-tribe  the  liver  begins  to  encroach  more  upon  the 
left  hypochondrium ; and  the  mass  to  the  right  of  the  suspensory 
fissure  is  subdivided  into  a ‘ cystic  ’ and  a right  lobe,  besides  the 
spigelian  lobule. 

The  Perissodactyles  in  general  have  a larger  and  more  sub- 
divided liver  than  the  Artiodactyles,  especially  than  the  Rumi- 
nants : no  species  has  the  gall-bladder.  In  the  Horse  this  viscus 
extends  as  far  to  the  left  as  the  right : the  suspensory  ligament 
enters  the  fissure  which  defines  the  left  lobe : the  mass  to  the 
right  is  divided  by  a second  fissure,  answering  to  the  ‘ cystic  ’ in 
beasts  with  the  gall-bladder ; and  a fourth  small  lobe  is  defined 
by  fissures  on  the  under  surface  of  the  right  lobe.  In  the 
Rhinoceros  the  liver  Is  of  a dark  colour,  and  has  the  usual 
flattened  form  in  Ungulates;  its  greatest  thickness  not  ex- 
ceeding 6 inches  in  a liver  weighing  44  lbs. : it  consists  of  a 
middle  portion  with  the  siisjiensory  fissure,  answering  to  the 
‘ cystic  ’ lobe,  of  a smaller  left  lobe,  and  a still  smaller  right,  or 
posterior,  or  spigelian  lobule.  The  hepatic  duct,  ^ inch  in  diameter, 
receives  the  duct  of  the  larger  portion  of  pancreas  as  it  passes 
between  the  coats  of  the  dix-Klenum,  and  such  common  duct  opens 
upon  a protuberance  of  the  mucous  membrane.*  In  the  Hyrax 
the  homology  of  the  cystic  lobe  is  better  marked  by  the  presence 
of  a cystic  notch,  although  without  the  bladder,  to  the  right  of 
the  suspensory  fissure : the  left  and  right  lobes  have  the  same 
relative  proportions  as  in  the  Rhinoceros.  The  duct  from  each 
lobe  dilates  on  quitting  it,’  and  the  united  capacities  of  these 
receptacles  equal  an  ordinary-sized  gall-bladder ; the  common 
duct  continued  therefrom  is  3 lines  in  diameter,  contracts 
gradually  to  the  intestine,  and  opens  therein  9 lines  from  the 
pylorus. 

In  the  Elephant  the  liver  is  divided  into  two  lobes,  the  right 
being  the  largest:  the  suspensory  fissure  is  the  boundary.  There 

' v".  pi.  14,  fig.  i.  p,  h. 

’ cun",  p.  205.  In  the  largest  of  theM  dilatations  I found  a Di$toma.  Danben- 
ton  found  (April)  a epetiei  of  the  same  genua  in  the  bile-dneta  of  an  -tea,  cxn",  tome 
iv.  p.  419. 
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is  no  gall-bladder.  The  hepatic  duct,  fig.  366,  f,  g,  is  wide  and 
very  long:  it  has  a reticulate  inner  surface:  it  expands,  between 
the  coats  o/  the  duodenum,  into  an  oval  receptacle,  ib.  o,  irregu- 
larly divided  into  compartments : the  first  pancreatic  duct,  ib.  i, 
also  pours  its  secretion  into  this  receptacle,  which  contracts  and 
is  surrounded  by  a sphincter  of  the  circular  layer  of  fibres,  before 
l>enetrating  the  muscular  coat,  which  here  protrudes,  as  a 
mammillary  eminence,  traversed  by  the  probe,  q,  r. 

In  a female  Giraffe  I found  a large  gall-bladder,  bifid  at  its 
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n^nble  ffall-btiuldeT  ot  a Ulraffr 


fundus.  It  was  attached  in  the  usual  position  to  the  under  part 
of  the  undivided  liver,  having  a covering  of  peritoneum  over 
three-fourths  of  its  surface.  It  was  divided  throughout  its  length 
by  a middle  vertical  septum,  fig.  367.  The  lining  membrane  of 
each  chamber  was  smooth;  they  communicated  with  the  com- 
mencement of  a single  cystic  duct,  the  tenninal  orifices  admitting 
freely  the  blunt  end  of  a common  probe  and  being  protected  by 
a valvular  fold.  In  two  males,  subsequently  dissected,  there 
was  not  a vestige  of  a gall-bladder,  but  the  bUe  was  conveyed 
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by  a rather  wide  hepatic  duct  to  the  duodenum.  I conclude, 
therefore,  that  the  absence  of  tlie  gall-bladder  is  the  rule,  or  normal 
condition ; and  that  the  Giraffe  in  this  respect,  as  in  the  structure 
of  its  horns,  has  a nearer  affinity  to  the  Deer  than  to  the  Ante- 
loj)cs.  In  these  and  all  hollow-horned  Ruminants,  a gall-bladder 
is  present;  as  it  is,  also,  in  Mosekns  and  Trayulux.  In  the  Camc- 
lidee  the  gall-bladder  is  absent  as  in  the  Cercida.  A like  absence 
characterises  all  Perissodactyles,  and  suggests  some  relationship 
with  the  small  capacity  and  simple  structure  of  the  stomach  com- 
pared with  the  quantity  of  fowl  taken,  and  with  the  rapid  and 
continuous  transit  of  the  giistric  contents  through  the  small  intes- 
tines to  the  enormous  ciecal  and  colonic  rccej)tacles  where  diges- 
tion is  finally  completed.  But  the  somewhat  capricious  appear- 
ance of  the  gall-bladder  in  vegetarian  Mammals  discourages  such 
attempts  to  physiologise.  Thus  the  Hog,  e.g.  >vith  the  simple 
stomach  has  the  gall-bladder,  while  the  Peccary,  with  a complex 
one,  has  it  not. 

The  liver,  fig.  .308,  r,  r,  closely  retains  the  mammalian  type  of 
the  organ  in  Monotremes.  Four  lobes  may  be  distinguished  in 
the  Echidna : the  principal  or  cystic  lobe  receives  the  suspensory 
ligament  in  a fissure ; the  large  gall-bladder  is  ])laced  a little  to 
the  right  of  this;  the  left  lobe  occupies  the  left  hy]K>chondrium ; 
the  Spigelian  lobule  is  of  mwlerate  size ; it  is  an  appendage  of 
the  right  lobe.  The  liver  pre.sents  nearly  the  same  form  in  the 
Ornithorhynchus,  which  has  likewise  a large  giill-bladder,  ib.  s. 
There  are  three  hepatic  ducts  in  the  Echidna  which  join  the 
cystic,  and  the  common  canal  terminates  in  the  duodenum  rather 
more  than  an  inch  from  the  pylorus.  In  the  Ornithorhynchus 
the  two  chief  hepatic  ducts  join  the  cj'stic  near  the  neck  of  the 
bladder;  the  third  hepatic  joins  a more  distant  part  of  the  cystic  ; 
the  ductus  choledochus  receives  the  p.-incrcatic  duct  about  9 lines 
before  its  termination,  as  in  the  Marsupials,  where  its  coats  are 
thickened  and  glandular,  and  opens  into  the  duwlcnum  about  8 
lines  from  the  pylorus. 

The  liver  is  subdivided  into  many  lobes  in  all  the  Marsupial 
genera.  It  is  relatively  largest  in  the  burrowing  Wombat  and 
carnivorous  Dasyure ; relatively  smallest  in  the  graminivorous 
Kangaroo,  in  which  it  is  situated,  as  in  the  placental  Ruminants, 
entirely  to  the  right  of  the  mesial  plane.  The  small  or  Spigelian 
lobe,  which  fits  into  the  lesser  curve  of  the  stomach,  is  given 
off  from  the  left  lobe  of  the  liver  in  the  Kangaroos,  but  from 
the  right  in  most  other  Marsu]>Ials ; the  difference  just  noticed 
in  the  Kangaroo  depends  on  the  peculiar  disposition  of  its  rc- 
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markable  stomaeb.  In  the  Koala  the  under-surface  of  the 
liver,  368,  is  subdivided  into  thirty  or  forty  lobules:  this 

condition  is  ])resented  in  a minor  de;;rec  in  the  Ursine  Dasyurc. 
In  a long-tailed  Dasyure,  which  weighed  3 lbs.  8^  oz.,  the  liver 
w'cighed  3^  oz.  avoirdupois.  The  suspensory  fold  in  Lyencepluxla 
shows  hardiv  a trace  of  ‘ li"amentum  rotundum.’ 

The  gall-bladder  is  present  in  all  Marsupials,  is  of  large  size, 
and  loosely  lodged  in  a deep  cleft  of  the  cystic  lobe.  In  the 
0j>os8um  it  generally  perforates  that  lobe,  and  the  fundus  appears 
at  a round  opening  on  the  convex  surface  of  the  liver.  I have  ob- 
served a csecal  process  from 
the  cystic  duct,  like  the 
beginning  of  a second  gall- 
bladder.' The  coats  of  the 
ductus  elioledochus  are 
thickened  toward  its  termi- 
nation, and  become  the  seat 
of  numerous  mucous  cysts 
which  open  into  the  interior 
of  the  duct.  In  the  Phalan- 
gers  the  terminal  half-inch 
of  the  ductus  choledochus 
is  similarly  enlarged  and 
glandular.  The  biliary  and 
pancreatic  ducts  generally 
unite  together  before  j)cr- 
forating  the  duodenum  : in 
the  Virginian  Opossum,  the 
long-nosed  Bandicoot,  and 
the  long-tailed  Dasyure, 
they  pour  their  secretions 
into  the  gut  an  inch  from 
the  pylorus : in  the  great 
Kangaroo  the  glandular 
ductus  choledochus  is  joined 
by  the  pancreatic  duct,  and 
tenuinates  in  the  duodenum 
5 inches  from  the  pylorus. 
The  answerable  parts  of 
the  liver  under  its  various  degrees  of  division  are  indicated  by  the 
suspensory  fold  or  ligament,  which  enters  a fissure  called  * suspen- 
sory, and  by  the  gall-bladder,  which  occupies  a depression,  fissure 

' CXI  vii".  I>.  2J7. 
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or  canal,  called  ‘ cystic,’  to  the  ri^lit  of  the  susjiensory  one.  The 
cystic  fissure  is  tlie  less  constant  character ; the  siisj)cn.sory  fold 
is  almost  obsolete  in  some  lints,  which  pass  the  greater  part  of 
their  time  head  downward. 

In  the  more  simple  or  entire  forms  of  liver,  as  the  human  and 
cetacean,  fig.  25.5,  e,/,  the  suspensory  fissure,  ib.  and  fig.  369, 
3,  divides  the  left,  ib.  i,  from  the  right  lobe,  ib.  I6,  is:  the  process 
sent  off  from  the  under  and  back  part  of  the  gland  to  the  les.ser 
curvature  of  the  stomach,  in  Man,  being  the  ‘ Spigelian  lobule,’ 
ib.  ao.  In  the  majority  of  Mammals  a lobe  is  more  definitely 
marked  off  by  a deejier  cleft  to  the  left  of  the  suspensory  fissure, 
and  a right  portion  is  similarly  defined  by  a cleft  to  the  right  of 
the  cystic  fissure.  These  two  superadded  clefts  thus  define  a 
middle,  commonly  the  largest,  jiortion  of  the  liver,  which  is  cha- 
racterised by  the  ‘ suspensory  ’ and  ‘ cystic  ’ fissures.  It  is  the 
‘ cystic  ’ or  g.all-lobe,'  and 
is  the  homologue  of  the 
right  portion  of  the  left  lobe 
and  the  left  portion  of  the 
right  lobe,  including  the 
cystic  fossa,  of  the  human 
liver.’  The  jxirtion  of  the 
gland  to  the  right  of  the 
cystic  lobe,  in  most  qua- 
drupeds, is  subdivided  into 
two  or  more  lobules ; the 
lobe  to  the  left  more  com- 
monly remains  single.  The 
transverse  depression  usu- 
ally about  the  middle  of  the  under-surface  of  the  liver,  or  ot  the 
cystic  lobe,  by  which  the  portal  vein  enters  the  gland,  is  the 
* jwrtal ’ fissure,  ib.  7.  Another  groove  or  canal  is  called  ‘post- 
caval,’ being  traversed  by  the  vein,  ib.  13,  of  that  name. 

In  the  large  Shrew,  fig.  .323,  and  in  most  Insectivuru,  the  more 
subdivided  condition  of  the  liver,  h,  h,  e.\ists:  the  cystic  lobe  is 

’ *Tbe  “gaJI-lobe”  is  the  larjyest/  Anat.  of  Oapj'bara,  ccxxxvi.  vol.  ii.  p.  213, 

* I do  not  regard  the  whole  human  liver  as  the  homologue  of  the  ' cystic  lobe*  in 
quadrupeds,  and  the  'right  and  left  lobes' in  them  us  superadded  purls,  as  in  the 
following  view ; — * II  faut  conuidt'rer  le  foie  de  Vhi>mme  ct>mme  coiniose  d’un  soul  lobe, 
qiie  nous  uppolons  “ lobe  principal  ” avec  un  rudiment  de  lobule  droit,  celui  de  Spigelius. 
Nous  verrons  successivement  un  lobe  gauche  et  un  lobe  droit  s’ajouter  a gauche  et  a 
droite  du  “ lobe  principal.”  puis  un  lobule  droit  tt  un  lobule  gauche,’  xii.  tom.  n*. 
deuxieroe  partie,  p.  432.  The  homologue  of  tlic  * Spigelian  lobule’  is  shown  by  its 
relation  to  the  lesser  curvature  of  the  stomach.  Fissures,  rather  than  IoIhm  are  addtd 
to  the  liver  of  quadnipetls.  • Ib.  p.  197. 
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marked  by  the  "all-bladder,  v,  and  by  the  suspensory  notch  to  its 
left ; beyond  this  is  the  left  lobe,  and,  on  the  o|>posite  side,  are 
subdivisions  of  the  ri"ht  lobe.  The  liver  of  the  Tupaia  adheres 
to  this  type,  showiii"  four  lobes,  the  gall-bladder  presenting  its 
fundus  at  the  up|>er  j>art  of  the  cystic  fissure,  ‘ as  if  in  a hole.’’ 
The  gall-bladder  is  for  the  most  part  of  considerable  size.  In  the 
Hedgehog  its  fundus  aj)pears  beyond  the  free  margin  of  the  liver, 
and  is  su]>j)orted  by  a prtwess  of  falciform  ligament.  In  the 
Tenrec,  on  the  contrary,  it  is  as  it  were  incrusted  by  the  substance 
of  the  right  j)ortion  of  the  |>rincipal  lobe. 

The  liver  of  Hats  is  very  little  divided:  oceasionally  a small 
lobe  is  marked  oft’  to  the  left  of  the  suspensory  limit  of  the  cystic 
lobe:  still  more  rarely  is  there  a right  lobe.  All  Bats,  with  the 
Koiissettes  and  Colugos,  have  the  gall-bladder. 

The  liver  of  the  two-toed  Sloth  is  confined  to  the  right  hypo- 
chondrium,  and  consists  chiefly  of  a very  large  cystic  lobe,  re- 
ceiving the  suspensory  ligament : sometimes  a small  left  lobe  is 
marked  oft’,  and  there  is  always  a smaller  Spigelian  lobe  behind. 
In  the  Ai  (Bradi/pus,  S-daetp/us)  the  left  lobe  is  not  present,  and 
the  jtosterior  lobule  is  less  defined  ; but  there  are  one  or  two 
fissures  at  this  j>art.  This  Sloth  has  no  gall-bladder : the  two-toed 
kind  possesses  one.  Hunter  describes  its  cystic  duct  as  ]>assing 
‘ down  through  the  substance  of  the  liver  and  emerging  at  the  aorta, 
like  the  ductus  hepaticus;’  it  then  joined  that  duct,  and  the  common 
canal  entered  the  duodenum  about  4 inches  from  the  ])ylorus.‘ 

The  cystic  lobe  is  the  largest  in  the  Armadillos:  there  are  two 
small  lobes  to  the  right,  as  well  as  one  to  the  left : all  the  s])eeies 
have  the  gall-bladder.  I found  it  more  deeply  imbedded  in 
Dasi/pus  scxcinrtiis  than  in  D.  Pebn.^ 

The  liver  in  Orycteropus  dift'ers  in  the  non-division  of  the  right 
lobe.  In  the  specimen  dissected  by  Jaeger,’  the  gall-bladder 
was  double,  the  two  being  closely  connected  bj’  cellular  tissue, 
and  having  a common  covering  of  peritoneum  : the  two  cystic 
ducts  soon  unite  into  one,  which  is  joined  by  three  hepatic  ducts: 
the  common  duct  terminating  about  an  inch  from  the  pvlorus. 
The  liver  of  Myrmecophaga  shows,  likewise,  a cystic,  a left,  and 
a right  lobe,  and  extends  from  the  right  to  the  left  hypochondrium  : 
the  fnudns  of  the  gall-bladder  jwotrudes  through  a subcircular 
notch  at  the  convex  side  of  the  gland  in  Myrm.  jubata. 

In  the  Radentia  the  cystic  lobe  has  the  nsual  characters,  is  the 
largest,  and  is  often  so  deeply  cleft  by  its  characteristic  fissures 
as  to  present  the  appearance  of  three  distinct  lobes,  the  left  lobe 
‘ ccxxxvi.  rol.  ii.  p.  177.  ’ cxxvin",  p.  1.54.  ’ cxi.ix".  p.  la. 


Digitized  by  Coogic 


UVEK  OF  MAMMALIA. 


485 


is  sometimes  divided,  and  tlie  rif;lit  more  commonly  so,  the  clefts 
affecting  an  oblique  course.  The  most  noteworthy  mo<lification 
in  the  Kodent  order  is  that  presented  by  the  liver  of  Caprom;/$. 
Five  primary  divisions  or  lobes  are  indicated  by  the  usual  cha- 
racters ; but  each  of  these  undcrfioes  a subdivision  ‘ into  almost 
innumerable  angular  lobules,  varying  in  size  from  .3  to  5 lines: 
though  closely  in  contact  they  are  quite  detached  from  each 
other,  being  a]q>ended  by  their  apices  to  the  larger  branches  of 
the  vena  portse  and  hepatic  arteries  and  veins.  Each  of  the 
lobules  is  partially  subdivided  into  still  smaller  ones,  the  whole 
structure  approximating  to  a complete  natural  unravelling  of 
this  conglomerate  gland  to  its  com|>oncnt  acini.’ ' The  gall- 
bladder was  large ; its  contents  limjiid  and  of  a greyish  green 
colour.  The  genera  Mus,  Cricetus,  Lemmus,  Echimys,  Erethizov, 
Synetheres,  as  a rule,  are  without  the  gall-bladder.  Cuvier  did 
not  find  it  in  Sciurus  maximus  and  in  a species  of  Pteromys  : but 
in  that  dissected  by  Hunter  {^Pt.  volucella)  it  was  present,  as  also 
in  Sciurus  ciuereus  and  the  common  S<iuirrel.  The  Porcu|iine 
(Hystrix)  has  a small  gall-bladder,  and  the  common  Jerboa 
{Dipus  soyitta)  has  one  of  the  usual  size:  the  Cape  Jerboa 
{Ileltnnys)  has  it  not.  In  all  other  Rotlcnts  the  gall-bladder  is 
present.  In  the  Guinea-pig  ( Cat’»«  porcellus)  Hunter  remarks, 
that  the  common  duct,  on  reaching  the  duodenum,  ‘ makes  a turn 
and  jiasses  with  the  gut  for  more  than  one-third  of  an  inch,  where 
it  becomes  larger,  and  then  it  enters  the  gut.  This  looks  as 
if  this  duct  must  make  a turn  somewhere,  as  it  did  not  do  it  at 
the  gall-bladder.’’  The  bile  in  Rodents  is  thiu  and  transparent, 
yellow  or  greenish. 

All  Carnivora  have  a liver  with  a left,  a cystic,  and  a right 
lobe,  the  latter  usually  subdivided  into  two  or  three  lobules : in 
some  the  left  and  the  cystic  are  of  equal  size ; in  others  the  left  is 
the  largest  lobe.  In  tbe  Lion  the  cystic  lobe  is  deeply  cleft  by 
the  suspensory  fissure  and  the  part  to  the  left  of  that  has  been 
counted  as  a smaller  left  lobe : there  is  a larger  one  to  the  left 
of  this,  and  two  small  lobes  to  the  right  of  the  part  of  the  cystic 
lodging  the  gall-bladder.  In  the  Walrus  the  liver  is  divided  into 
seven  lobes,  each  of  which  is  more  or  less  notched  at  the  under- 
surface. Comparing  this  liver  with  the  more  simple  forms  in 
Carnivora,  we  recognise  the  homologue  of  tbe  right  lobe,  here 

* exxx".  p.  70.  Tlio  preparation  ia  No,  8108.  in  xx.  vol.  i.  (1833),  p.  238.  It 
app<»ars  to  be  a normal  stmeture  in  the  lluutias,  Iteing  tletionbid  in  xii.  tom**  ir.  (183^) 
p.  454  ; also  by  .Say  in  the  Kodent  called  Imilon,  which  apj>ertrs  to  be  identical  with 
Capromyt.  cl-v".  (1826).  * ccxxxvi.  vol.  ii.  p.  209. 
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divided  into  two,  tlie  right  division  being  the  smallest.  The  part 
answering  to  the  cystic  lobe  is  deeply  cleft  into  three  subequal 
lobules,  between  the  two  right  of  which,  at  the  base  of  the  cleft, 
lies  the  long  pyrifoi-m  gall-bladder.  The  homologue  of  the  left 
lobe  is  of  a broad  and  rounded  figure : it  is  attached  by  a band  of 
hepatic  substance,  one  inch  broad,  to  the  base  of  the  cystic  lobe, 
this  band  bridging  over  the  port.al  vessels.  The  lobulus  Spigelii, 
so  constant  in  its  position  behind  the  small  omentum  in  Mammals, 
here  fonns  the  seventh  jsirtion  of  the  liver.  The  gall-bladder  is 
three  and  a half  inches  long,  and  one  and  a half  inch  in  diameter: 
a duplicature  of  peritoneum,  one  inch  broad,  extends  from  the 
cervix  vesicae  and  the  cystic  duct  to  the  duodenum.  The  fundus 
of  the  bladder  is  attached  by  shorter  folds  of  peritoneum  to  the 
two  walls  of  the  cystic  fissure  ; it  has  an  entire  serous  investment. 

The  liver  of  the  Seal  {Phuca  vitulina)  differs  chiefly  in  the 
greater  elongation  and  more  pointed  form  of  its  divisions  : viewed 
from  below  or  behind,  the  left  lobe,  fig.  370,  a,  retains  most  of 
370  the  normal  shape;  in 


the  cystic  lobe,  It,  ft, 
the  suspensory  fissure 
is  marked  by  the  round 
ligament,  c,  the  cystic 
one,  d,  by  the  gall- 
bladder, e;  / is  the 
larger,  and  ff  the 
smaller  divisions  of 
the  right  lobe,  h being 
the  Spigelian  lobule 
or  process ; i is  the 
portal  vein  entering 
the  fissure  so  called  ; 
k is  the  post-caval, 
perforating  the  liver 
to  combine  with  the 
hepatic  veins  in  form- 


ing the  capacious  sinus,  /,  /,  trom  which  the  trunk,  again  con- 


tracted, m,  is  continued  to  perforate  the  diaphragm,  before  termi- 


nating in  the  heart.  The  hepatic  veins  in  the  Seal  have  an  outer 


coat  of  circular  fibres.'  The  accumulation  of  blood  in  the  sinus 


of  the  hepatic  veins  during  the  act  of  diving  indicates  the  nee«l 
of  a muscular  power  to  propel  the  blood  onward  to  the  heart. 

The  under  surface  of  most  of  the  lobes  shows  small  notches  or 


' ci.vn".  p.  738,  pi.  xxiii,  fig.  2. 
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fissures  ; ami  these  are  still  more  markcil  in  Otnrxa.  Two  hepato- 
cystic ducts  entere«J  the  {rall-bla<ider  in  the  seal  I dissected.*  The 
cystic  tluct  was  joined  by  a small  he()atic  duct  about  half  an  inch 
from  the  gall-bladder ; and  a little  lower  down  was  joinefi  bv  a 
larger  hepatic  duct,  which  was  formed  by  the  junction  of  two 
other  ducts,  eai-h  of  which  was  also  formed  by  the  union  of  two 
ducts,  coming  dL-tinctly  from  four  lobes  of  the  liver.  The  ductus 
communis  was  one  and  a half  inch  long ; it  was  joined  bv  the  pan- 
creatic duct,  as  it  terminateil  in  a dilated  sacculus  within  the 
duodenal  coats. 

The  Inner  surface  of  the  gall-bladder  is  minutely  rugous  and 
villous,  the  rugx  becoming  longitudinal  at  the  cervix,  and  sub- 
siding in  the  duct.  This  character  obtains  in  other  Carnivora, 
in  all  species  of  which  the  alterative  resenoir  of  the  bile  is  pre- 
sent. In  the  Felines  the  valvular  or  impeding  twist  of  the  cystic 
duct  is  well  marked. 

Domestic  Carnivora,  obtaining  more  food,  and  more  regularly, 
than  wild  ones,  have  a correspmding  increase  of  the  digestive 
apparatus  : not  only  is  the  int^tinal  canal  longer,  but  the  liver 
is  larger : there  are  more  hydro-carbonates  to  be  eliminated,  more 
chyle  to  l>e  made.’ 

In  the  .Vve-ave  neither  left  nor  right  lobe  of  the  liver  are 
sulxlivided ; but,  as  in  other  Lemurs,  both  are  distinct  from  the 
cvstic  lobe,  which  shows  the  usual  cystic  and  suspensory  fissures, 
and  the  left  lobe  is  the  largest.  All  the  clefts  are  more  trans- 
verse, less  oblupie  than  in  the  usually  more  sulxlivided  liver  of 
Ro<lents.’  In  many  Platyrbines  the  right  lobe,  in  some  the  left 
lobe  also,  are  sulxlivided.  In  most  Catarhines  the  same  degree 
of  hepatic  division  obtains  as  in  Strepsirhines ; but  in  some 
Dimes,  in  Gibbons,  Orangs,  and  Chimpanzees,  both  right  and  left 
lobes  have  blended  with  the  cystic,  and  the  sus|x'nsory  notch 
becomes,  as  in  Man,  the  Ixmndary  between  the  two  masses 
termed  ‘ right  ’ and  ‘ left  ’ lobes  in  Anthrofxitomy.  The  ‘ Spi- 
gelian ’ lobule  is  a pnx:ess  of  the  left  jxjsterior  angle  of  the  right 
lol^e  : it  is  partly  defined  by  the  [xist-caval  vein,  fig.  .369,  la:  the 
part  of  the  cystic  lolje  between  the  cystic  and  susjx-nsory  fissures 
is  the  ‘ lobtdus  quadratiis,’  ib.  is,  of  Anthro|x>tomy. 

The  lobes  of  the  liver  in  its  several  grades  of  natural  sulxlivision 
in  the  Mammalian  class  are  invested  by  a delicate  fibrous  coat 
which  is  continuous  with  the  similar  lixtser  investment  of  the 

‘ ctni'.  p.  152. 

• So  DaulxTiton  : — ‘ I.e  foie  <lu  eh  it  domesliinio  itoit  plus  inxis.  plus  ferme,  et  il'nne 
coiilirur  rmurealre  besiucoup  plus  fonc-e  one  le  foie  ilu  chat  sauvaip,*.*  cvxir.  tome  vi. 
p.  29.  ’ cn'.  p.  4.3. 
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vessels  in  the  portal  fissure  called  ‘ Glisson’s  capsule.’  The  serous 
accompanies  and  closely  adheres  to  the  fibrous  coat,  save  at  the 
portal  fissure  and  along  the  suspensory  and  other  folds,  called 

‘ ligaments,’  where  the  serous  coat 
is  reflected  from  the  gland.  The 
resolution  of  the  lobes  and  lo- 
j bules  of  the  liver  into  the  ultimate 
subdivisions  or  ‘ acini,’  is  natu- 
rally shown  in  Capromyt : as  a 
' rule  they  require  section  or  ma- 
ceration. 

As  the  anatomist ' to  whom 
we  are  indebted  for  a knowledge 
of  their  structure  has  applied  to 
these  ‘ acini  ’ the  tenn  usually 
Aimi»itoiiin«i»triii.iiofai!uMoirai«rveiu.  given  to  such  Secondary  divisions 

as  the  ‘ lobulus  Spigelii,’  and  has 
founded  his  nomenclature  thereon,  it  will  be  retained.  Kieman's 
‘ lobules  ’ range  in  size  from  ^th  to  -rV^h  inch  in  diameter,  pre- 
372  sent  a foliated  contour  in  lon- 


gitudinal section,  fig.  371,  1,3, 
a fwlygonal  one  in  transverse, 
fig.  378  : a venule  issuing  from 
their  centre,  fig.  371,  5 and  7, 
connects  them  with  the  initial 
or  ‘ siiblobular  ’ branches  of 
the  hepatic  vein  -(laid  open  in 
fig.  371):  the  rest  of  their 
surface  is  attached  by  similar 
beginnings  of  hepatic  ducts 
and  absorbents,  by  terminal 
branches  of  the  hepatic  artery 
and  [wrtal  vein,  and  by  nerves, 
to  the  thin  stratum  of  areolar 
tissue  connecting  one  lobule 
with  others.  Kach  is  composed 
of  ramifications  of  its  suspen- 
sory ‘ intralobular  ’ venule,  of 
arterial  capillaries,  of  a plexus 
of  portal  capillaries,  a idexiis 

Brnnclies  of  the  |K)rtal  vein,  Huninn.  <XLvm”  /»  i * /•  * 

01  biliary  passages,  of  nerves, 
lymphatics,  and  intermediate  cell-substance — the  essential  part  of 


the  gland  which  the  other  structures  subserve.  The  section  mag- 


' CLvn". 
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Lon^luditiai  tcrlinn  of  a BmAU  iKirUl  rein  and 
riuial.  CLVii". 


nified  of  a ‘sublobular  venule,’  fig.  371,  shows  the  commonly 
hexagonal  outline  of  the  flattened  bases  of  the  lobules  4,  the  ter- 
minations of  the  ‘ intralobular’  venules  7,  the  interlobular  fissures 

8,  and  the  ‘ interlobular  spaces  ’ 

9,  at  their  angles : these  are 
continued  into  the  intervals  be- 
tween the  more  or  less  rounded 
lateral  surfaces  of  the  closely 
packed  lobules.  The  ramifica- 
tion of  the  intralobular  venule 
3 is  seen  in  the  longitudinal 
section  of  the  lobules,  1,3.  In 
the  Seal  the  intralobular  veins 
at  their  exit  from  the  lobules 
enter  hepatic -venous  canals, 
where  they  unite  into  branches, 
which  are  connected  by  a fine 
cellular  tissue,  forming  a sheath 
round  the  hepatic  veins.' 

The  portal  vein,  in  Mam- 
mals, fig.  372,  is  formed  by  the 
superior,  b,  and  inferior,  c,  mesenteric  veins,  by  the  splenic  vein, 
d,  by  the  gastro-epiploic,  t,  and  pancreatic,  f,  veins : the  trunk, 
tf,  entering  the  portal  fissure,  divides  into  a right,  A,  and  left,  g, 
branch : these  penetrate  their  374 

respective  divisions  of  the  liver, 
ramify  and  subdivide  therein, 
along  tracts  termed  ‘ jwrtal  ca- 
nals,’ fig.  373,  a,  a;  but  which 
likewise  lodge  branches  of  the 
hepatic  artery,  9,  and  duct,  /i. 

As  all  these  are  connected  to- 
gether by  a prolongation  of  the 
areolar  tissue  of  ‘ Glisson’s  caj>- 
sule,’  branches  continued  from 
the  portal  vein,  e,  and  forming  a 
plexus  in  that  tissue,  are  termed 
‘ vaginal,’  from  which,  as  well  as 
directly  from  the  portal  vein,  as 
at  f,  venules  enter  the  interlobular  spaces,  are  called  ‘ interlobular 
venules,’  fig.  374,  a,  a,  penetrate  the  lobule,  h,  and  form  a capil- 
lary plexus  therein,  most  richly  at  the  periphery,  but  from  which 
the  ‘ intralobular  vein,’  c,  begins.  The  hepatic  artery  has  a similar 
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distribution  through  the  portal  canal,  fig.  373,^,  where  the  minute 
branches  form  ‘ vaginal  plexuses,’  sending  off  interlobular  branches 
which  terminate  in  the  lobule  by  a capillary  plexus  communicat- 
ing and  localised  with  the  jxirtal  one.  The  meshes  of  the  radially 
arranged  plexuses,  fig.  375,  are  occupied  by  organites  which  subsist 
by  endosmotic  intussusception  and  a.ssiinilation  of  blood-elements, 
motlify  them  by  interchange  of  other  elementary  combinations, 
then  perish  by  rupture  or  solution  of  their  walls.  These  IxKlies, 
called  ‘hepatic  cells,’ much  excceil  in  size  the  monads  of  infusoria,' 
being  about  .joVu**'  '**  diameter;  but,  like  them,  they  have 
a hyaline  granulated  nucleus,  which  contrasts  by  its  refractive 
brightness  with  the  tawny  yellow  of  the  minuter  granules  of  the 
main  contents  of  the  cell,  in  which  al.so  float  oil-globules.  These 
contents,  exuded  or  set  free,  fill  the  intervals  of  the  ‘ nucleated 
cells,’  and  form  the  ‘ bile,’  or  brief  equivalent  of  ‘ bile  vesicles 
without  proper  walls.’  * "When  an  e|>ithelium  is  discernible,  sepa- 
rating them  from  the  capillaries,’  the  bile-ducts  may  be  said  to 
commence.  Tbc  inductive  figure  given  by  Kieman  of  the  intra- 
lobular or  initial  bile-conduits,  fig.  375,  receives  sup|>ort  from  the 
recent  careful  researches  of  Ilering  in  the  liver  of  the  rabbit: 

he  describes  them  as  form- 
ing a plexus  with  polygonal 
meshes  * from  which  the 
c.anals  are  continued  to  form 
the  interlobular  ducts,  a,  a ; 
from  these  are  continued  the 
‘ vaginal  branches,’  fig.  373, 
h,  which  progressively  unite 
to  form  the  hepatic  ducts. 
These,  in  Man, emerge,  two 
in  number,  at  the  |x)rtal  fis- 
sure : in  more  divided  livers 
the  liberated  ducts  arc  more  ntimerous;  but  all  unite,  os  a rule  in 
Mammals,  into  one  trunk,  which,  in  those  having  a gall-bladder, 
joins  the  cystic  duct  to  form  the  ‘ductus  communis  choled<H‘hus.’ 
This  duct,  fig.  376,  a,  penetrates  the  duodenum  distinctly  from 
the  pancreatic  duct,  h,  both  run  obliquely  between  the  sevenil 

' Sih’li,  I .jv.  tH  thi‘  Mona^  ntoumn,  llin'  in  tlmni'  h r. 

* ' Kin  < •aIU  nrnpiiItin-<*ti-m  nhno  Wainlunij.’  ci  i\".  241. 

’ Till*  • >»hiTi ' nr  • wh**ro ' kuk-Ii  • rpitin-lial  waiU  ’ nro  ji:ainr<l,  fonniii|;  a iM'jjinr.in]^ 
nf  projKr  cotitlnilK  for  I’arrvin^  ofT  ihi*  hilp  fn.*m  tlip  inter^|'lu*^•s  of  the*  fornmtivf  erlli*. 
may  bo  i|«-b4t'*altb>  with  .Mioroiirapli' rs  ; .a'  nou  nutK'r, 

ami  Iltriiuf,  ri.ix".  p 2U. 
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tunics,  c,  d,  e,  of  the  gut,  in  Man,  to  the  extent  shown  in  fig,  376, 
before  uniting  to  form  the  common  receptacle  within  the  terminal 
prominence. 

The  ‘ carrying  arrangements  ’ of  the  bile  are,  thus,  on  a more 
concentrated  plan  in  the  present  than  in 
lower  classes  of  Vertebrates.  The  human 
cystic  duct  shows  a series  of  crescentic  folds 
of  the  lining  membrane,  directed  obliquely 
round  the  canal,  and  so  arranged  as  to  give 
the  appearance  of  a spiral  valve.  Nume- 
rous minute  follicles,  either  branched  or 
clustered^  open  upon  the  mucous  tract  oi 
the  bile-ducts : in  the  sm-aller  branches  their 
orifices  are  in  two  opposite  longitudinal 
rows. 

From  the  arrangement  and  localisation  in 
the  ‘ lobule  ’ of  the  capillaries  of  the  two 
systems  of  veins,  determined,  together  with 
most  that  is  of  importance  in  hepatic  struc- 
ture, by  the  admirable  research,  skill,  and 
patience  of  Kiernan,  an  explanation  has 
been  aflfonled  of  appearances  otherwise  un- 
intelligible or  misleading.'  When  the  capil- 
laries of  the  hepatic  vein  are  gorged,  as  is 
usual  in  an  early  stage  of  congestion,  the 
flattened  surfaces  of  the  lobules  on  the  superficies  of  the  liver 
present  the  appearance  in  fig.  377.  When  the  portal  capillaries 
377  378 
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are  congested,  the  peripheral  parts  of  the  lobules  present  the 
deeper  colour,  as  in  fig.  378.  So,  in  examining  portions  of  the 

* As  e.g.  the  flU|)posfd  distinction  of  ‘ cortical’  and  ‘ medullar^'’  substances  of  some 
authors ; of  ‘ red  ’ and  ‘ yellow  ’ substances  of  others.  See  clvii^'.  p.  763. 
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liver  of  lower  Mammals,  as  in  tlint  of  the  squirrel  figured  by 
J.  Muller, ' fig.  .379,  the  uncongested  pale  peripheral  portions  of 
379  the  lobules,  nearest  the 

interlobular  fissures,  e,  e, 
may  suggest  an  arrange- 
ment of  ultimate  or  ini- 
tial biliary  ducts,  which 
is  merely  due  to  ]>artial 
congestion.’  The  struc- 
ture of  the  liver  is  the 
same  throughout  the 
class  ; the  form  of  the 
gland  varies,  governed 
mainly  by  relations  of 
package  with  adjoining 
abdominal  viscera,  and  by  the  degree  in  which  it  may  be  affected 
by  inflections  of  the  trunk. 

§ 339.  Pancreas  of  Mammalia. — This  conglomerate  gland  here 
differs  chiefly  from  that  in  birds  by  the  progressive  development 
of  a part  more  or  less  distinct  from  that  which  is  lodged  within 
the  loop  or  fold  of  the  duodenum : such  added  part  may  be 
represented  by  that  freely  projecting  end  of  a fold  of  the  bird’s 
duodenal  pancreas  (vol.  ii.  p.  175,  fig.  87,  q),  which  stretches  to- 
wards the  spleen,  but  there  is  no  transverse  part  of  the  gland 
extending  at  right  angles  from  the  duodenal  portion,  like  that 
which  forms  the  splenic  or  transverse  pancreas  in  the  Mammalian 
class,  and  which  ultimately  becomes  the  main  part  or  body  of  the 
gland  in  them.  In  most  Mammals  the  pancreas  is  of  a pale  flesh 
colour,  but  usually  less  pink  or  of  less  decided  tint  than  in  birds  : 
it  is  firmer  in  texture,  and  shows  more  plainly  its  conglomerate 
structure. 

The  pancreas  in  the  Ornithorhynchus  is  a thin,  somewhat 
ramified  gland  bent  ujk)ii  itself;  the  left  and  larger  portion  de- 
scends by  the  side  of  the  left  lobe  of  the  spleen.  The  pancreas  is 
thicker  in  the  Echidna,  and  enlarges  considerably  towards  the 
duodenum.  The  principal  difference  occurs  in  the  place  of  ter- 
mination of  the  pancreatic  duct,  which,  in  the  Ornithorhynchus, 
joins  the  ductus  choledochus,  but  in  the  Echidna  terminates  sepa- 
rately in  the  duodenum  and  nearer  the  pylorus  than  does  the  ductus 
choledochus.  The  arrangement  of  the  hcj>atic  and  pancreatic 
ducts  is  thus  conformable  to  the  Mammalian  type,  and  the  Orui- 
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thorhynchus,  in  the  place  of  the  junction  of  these  ducts  near  the 
commencement  of  the  ductus  choledochus,  manifests  its  affinity 
to  the  Marsupials.  In  these  the  pancreas  extends  as  usual  from 
the  duodenum  to  the  spleen,  behind  the  stomach  ; it  is  charac- 
terised by  a process  sent  off  at  right  angles,  or  nearly  so,  to  the 
main  lobe  at  or  near  its  left  extremity.  Small  and  thin  processes 
branch  out  into  the  duodenal  mesentery  (in  a Phalanger);  and 
similar  but  still  more  numerous  processes,  in  the  peritoneal 
attaching,  or  omental,  fold  to  the  left,  give  the  organ  a dendritic 
appearance  in  the  Kangaroo ; but  the  sj)lenic  j)rocess  seems  to  be 
constant.  The  pancreatic  duct  usually  opens  into  the  glandular 
dilatation  of  the  ductus  choledocdius,  and  the  secretions  enter  the 
intestine  further  from  the  pylorus  than  usual. 

The  same  low  type  of  gland  prevails  in  the  Rodentin,  and  is 
well  shown  by  Hyde  Salter  in  the  rat  {Mas  decumanus,  fig.  380, 
the  main  part  of  the  gland  being  that  which  extends  from  the 
end  of  tl>c  duodenal  fold  to  the  left  into  the  gastrosplenic  omentum, 
o,  where  it  ramifies : the  chief  jiart  of  the  duodenal  pancreas 
follows  the  curve  of  the  gut,  but  ramifies  in  its  wide  messentcry, 
d.  In  the  Cavy,  where  the  duodenal  loop  is  longer  and  narrower 
than  in  the  Rat,  the  included  portion  of  pancreas  reminds  one  of 
the  disposition  of  that  in  the  Bird.  In  the  Capybara  the  resem- 
blance is  less  because  the  duodenum  is  shorter,  and  the  corre- 
sponding part  of  the  pancreas  is  small : the  transverse  and  larger 
part  of  the  gland  is  also  more  compact  than  in  most  Rcalents.  In 
the  Porcupine  the  duct  of  the  larger  part  of  the  pancreas  enters 
the  duodenum  far  from  the  pylorus.  In  the  Beaver  the  pancreas 
is  of  considerable  extent,  measuring  in  length  nearly  2 feet,  and 
following  the  course  of  the  duodenum  down  to  the  iliac  region 
and  up  again  as  far  as  the  umbilical,  being  attached  to  the  intes- 
tine by  a process  of  mesentery  : it  is  thin  and  narrow,  and  ha-s 
one  small  branch  or  process  lying  parallel  with  its  body  where  it 
passes  behind  the  liver,  and  a few  others  at  the  curvature  of  the 
duodenum.  Its  duct,  somewhat  larger  than  a crow-quill,  enters 
the  small  intestine  at  the  extremity  of  the  gland,  1 foot  and 
9 inches  from  the  pylorus,  and  1 foot  and  6 inches  from  the  ter- 
mination of  the  ductus  choledochus.’  This  is  the  extreme  of 
distance  from  the  pylorus  and  bile-conduits  of  the  entry  of  the 
pancreatic  secretion  into  the  intestinal  tract,  which  has  been  ob- 
served in  Mammals  : the  character  prevails  in  the  Rodent  order, 
and  Physiologists  have  availed  themselves  of  it  in  the  Rabbit  in 

‘ ccxxxi.  p.  98.  ’ CL-Xi".  p.  10. 
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experimental  research  on  the  action  of  tlie  bile  in  the  intestine 
before  its  admixture  with  the  pancreatic  secretion.  Most  Tnsrc- 
tivora  also  show  the  flattened  branched  form  of  the  pancrea.s  in 
the  broad  membranes  suspending  contiguous  organs : it  is  shown 
in  a large  snouted  Shrew,  in  fig.  323,  p.  In  the  Hedgehog  one  of 

380 


pMncrifu  of  the  lui  (natunl  tixe).  thown  h]r  throwing  np  the  doodeunui  and  duodenal  mcaentenr.  crxxxi . 

the  duodenal  branches  hangs  freely  from  the  mesentery  with  an 
entire  investment  of  jieritoneum.' 

In  the  Sloth  the  left  end  of  the  splenic  portion  of  the  pancreas 
has  an  entire  serous  coat,  and  is  somewhat  loosely  susjKjnded 
from  the  back  of  the  epiploon : the  duodenal  portion  is  narrower. 
In  Mi/rmecophaga  the  transverse  or  splenic  portion  is  long  and 

' cxLVii",  p.  236,  No,  780  A. 
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narrow,  connected  with  both  epiploon  and  stomach  : the  duodenal 
part  follows  the  curve  of  the  gut. 

In  Cetacea  the  pancreas,  like  the  liver,  becorne.s  more  comiiact 
in  form : it  is  unusually  long,  flat,  rather  narrow  but  thick,  with 
its  left  end  near  the  spleen,  and  attached  to  the  first  gastric  cavity  : 
it  crosses  the  spine  at  the  root  of  the  mesentery,  behind  the  second 
and  third  stomachs,  to  the  right,  following,  or  e.\]»anding  at,  the 
curve  of  the  duodenum,  to  which  it  adheres,  and  sending  its  duct 
to  join  the  hepatic  near  the  entry  into  the  dilated  j>art  of  the 
duodenum. 

In  a half-grown  Dugong  I found  the  splenic  ]>art  of  the  f>an- 
creas  seven  inches  in  length,  thick  and  obtu.se  at  the  left,  and  where 
its  diameter  was  two  inches,  and  gradually  diminishing  toward  the 
duo<lcnal  part : the  duct  is  wide,  and  terminates  on  the  same 
prominence  with  the  bile-tluct,  and  at  a greater  distance  from  the- 
pylorus  than  in  Cetacea.  The  pancreas  of  the  ele[>hant  shows 
more  of  the  rotlent  than  of  the  ungulate  type  of  the  gland.  It 
consists  of  several  masses  not  very  closely  connected  with  each 
other,  from  which  separate  ducts  are  given  off,  which  unite  into 
two  conduits:  one  of  these  pours  the  secretion  into  the  upper 
compartment  of  the  biliary  pouch,  fig.  366,  where  it  is  mixed  up 
with  the  bile  therein  contained  preparatory  to  its  introduction 
into  the  intestine,  while  the  other  opens  into  the  duodenum  about 
two  inches  lower  down.  In  the  lihinoceros  the  transverse  or 
splenic  part  of  the  pancreas  is  the  largest,  in  length  nearly  two 
feet:  the  duotlenal  part,  about  half  that  length,  extended  at  a 
right  angle,  chiefly  backward  (sacrad)  expanding  within  the  pro- 
cess of  the  peritoneum,  connecting  the  duodenum  to  the  enormous 
caecum.  The  duct  of  the  splenic  portion  entered  the  duinlenal 
fos.sa  common  to  it  and  the  hepatic  duet;  the  duct  of  the  smaller 
portion  terminated  about  two  inches  from  the  other,  but  at  the 
same  distance  from  the  pylorus.  The  pancreas  in  the  Hya;na  and 
Tapir  resembles  that  in  the  Rhinoceros ; nor  is  there  any  materwl 
modification  in  the  Horse : the  descending  duodenal  portion  is 
relatively  broader,  and  lies  over  the  right  kidney.  In  the  Hog 
the  duodenal  part  is  narrower,  but  longer:  the  splenic  part  is 
broad  and  bifurcate,  sending  downward,  or  sacrad,  a process  as  far 
as  the  left  emulgent  vein.  In  Ruminants  the  divisions  of  the 
broad  and  flat  pancreas  are  less  defined  : the  descending  process 
comes  off  rather  from  the  duodenal  side  of  the  gland.  In  the 
Giraffe  the  duodenum  receives  the  combined  biliary  and  pancreatic- 
secretions  about  ten  inches  from  the  pylorus. 

The  pancreas  in  Carnivora  is  long  and  narrow,  but  continues 
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of  a more  defiuite  and  compact  form  than  in  Ly-  or  List~enrephala  : 
its  duotlenal  and  splenic  divisions  are,  however,  well  marked  and 
suhequal:  the  former  usually  describes  a circle,  as  in  fig.  351,  e, 
following  that  of  the  comparatively  long  and  loose  duodenum  ; 
the  latter,  ib.  f,  is  straight  and  transverse  in  course : both  por- 
tions are  triedral,  and  have  an  entire,  or  nearly  entire,  serous 
coat ; and  in  some  species  this  is  continued  from  one  of  the  angles 
as  a narrow  susj)ensory  fold  of  the  gland,  from  the  posterior  part 
of  the  great  omentum  in  the  splenic  |>ortion.'  In  the  Lion  and 
most  Felines,  the  duct  of  the  annular  part  sometimes  communi- 
cates with  that  of  the  s|)lenic  part  at  two  points,  and  the  main 
duct  communicates  with  the  bile-<luct,  before  entering  the  intes- 
tine. In  the  Dog  the  duotlenal  jxirtion  follow-s  the  descending 
course  of  that  gut,  and  is  longer  than  the  splenic  division,  which 
it  joins  at  a right  angle : the  ducts  of  each  part  unite  between 
the  duodenal  coats,  before  joining  the  bile-<luct,  which  is  distinct 
external  to  the  duodenum,  and  can  be  separately  tied.  Cuvier 
notes,  as  a rare  structure  or  anomaly,  a lateral  reservoir  for  the 
pancreatic  secretion  in  the  Cat : its  duct,  about  an  inch  and  a half 
in  length,  communicated  with  the  common  duct  formed  by  those 
of  the  two  ()arts  of  the  pancreas,  which  joins  the  bile-duct,  as  in 
the  Lion.  The  dilatation  or  sac  between  the  tunics  of  the  duo- 
denum in  the  Seal-tribe  is  common  to  the  pancreatic  and  biliary 
secretions. 

In  the  Aye- aye  the  j>ancroas  is  a broad  thin  gland,  extending 
and  expanding  from  near  the  spleen  the  duodenum,  and  thence 
continued,  as  the  ‘ small  pancre.as,’  a little  way  beyond  the  entry 
of  the  duct,  which  is  close  to  that  of  the  gall-duct : here  the  gland 
sends  off  some  short  narrow  processes  into  the  fold  of  the  mesen- 
tery ; it  is,  however,  more  compact,  less  ramified  and  diffused,  than 
in  Rodents.  The  duodenum  being  relatively  shorter  and  less 
loosely  suspended  in  both  the  Aye-aye  and  Lemurs,  the  part 
corres|x)nding  to  the  ‘ small  pancreas  ’ is  less  developed  than  in 
Lhsenrephala : but  it  is  more  dcvelopeil  than  in  the  true  Qiiad- 
rumana,  in  which  the  duodenum  becomes  still  more  confined  in 
position.  The  left  end  of  the  pancreas  is  rather  loosely  susjiended 
in  both  Lemurs  and  IMatyrhines : in  Catarhines  it  has  only  a 
partial  covering  from  the  epiploon,  and  the  gland  acquires  its 
fixedness  and  comj)actncss  of  form  which  characterise  it  in  them. 
Here  the  ducxlenal  or  small  pancreas,  fig.  381,  h,  is  reduced  to  an 
enlargement  called  the  ‘ head,’  and  which  occasionally  follows  in 
a short  curve  the  bend  of  the  duodenum ; it  more  rarely  repeats 
' xi-Tii'',  p 132.  (Chortah.) 
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the  detached  condition  which  prevails  in  some  lower  mammals  : the 
splenic  portion,  ib.  pa,  contracts  near  the  spleen,  sp.  The  thick 
upper  border  receives  in  a groove  or  canal  the  splenic  artery  and 
vein.  Tbe  main  duct  tra- 
verses the  substance  of  tbe 
gland  nearer  the  lower  than 
the  upper  Iwrdcr ; it  is  com- 
monly joined  near  its  end 
by  the  duct  from  the  lesser 
pancreas,  or  ‘ head,’  h : but 
the  homology  of  this  with  the 
duodenal  pancreas  of  lower 
mammals  and  birds  is  some- 
times instructively  exempli- 
fied by  the  independent 
entry  of  its  duct  into  the 
duo<]enum,  as  in  fig.  382,  D, 
c.  In  the  ordinary  arrangement  the  duct  ot  the  larger,  h,  unites 
with  that  of  the  lesser  pancreas,  and  the  common  pancreatic  duct 
l>enetrating  the  duodenal  tunics  joins  the  common  bile-duct  at  the 
ampulla,  before  entering  the  intestine,  as  shown  in  fig.  376.  In  the 
variety  B,  the  duct  of  the  larger  jg2 

pancreas,  h,  alone  has  this  rela- 
tion with  the  gall-duct,  « : in  a 
rarer  variety,  c,  the  common 
duct  of  the  pancreas,  h,  opens 
distinctly  from  the  common 
bile-duct,  a : in  a still  rarer 
anomaly,  D,  the  duct  of  the 
lesser  pancreas  receives  tribu- 
taries from  the  larger  pancreas, 
becoming  a tube  of  equal  size, 
and  the  two,  h,  c,  unite,  before 
tbe  usual  junction  with  the  bile- 
duct,  a.  The  proper  coat  of 
the  j)ancreatic  duct  is  a firm 
tissue  of  intenvoven,  mainly 
longitudinal,  fibres ; with  an 
outer  loose  aretdar  covering  and 
an  epithelial  lining.  This,  in 
the  minute  beginnings  of  the  carrying  system,  consists  of  co- 
lumnar cells  so  packed  that  their  ends  next  the  duct-cavity  pre- 
sent a penta-  or  hexa-gonal  pavement,  fig.  383.  The  initial  ductlets 
arise  from  the  interspaces  of  the  follicular  or  cell-structure  of  the 
VOL.  III.  K K 


Varieties  lo  the  termination  of  the  pancreatic  dnet 
Man.  cutxxi. 
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gland,  receiving  the  contents  of  the  cells,  which,  as  in  the  liver, 
are  the  agents  operating  upon  the  blood-constituents  so  as  to 
convert  them  into  ‘ pancreatic  juice.’  Hyde  Salter,  who  found 


383 


384 


Portion  of  cpiUiellum  llninv  a finiall  dart 
l-400tb  of  an  inrfa  in  diamoter.  From  a 
Rabbit.  Ma«.  3uo  dlam.  ocxxxi. 

illustrations  of  the  ultimate 
structure  of  this  gland.  Fig. 
384  shows  a group  of  follicles 
from  the  pancreas  of  a Rat, 
viewed  so  as  to  bring  their 
central  cavity  into  focus. 
The  average  size  of  a pan- 
creatic follicle  is  of  an 
inch : they  are  commonly 
arranged  in  groups  of  very 
various  numbers. 

In  the  follicles  protcine 
matter  is  formified  or  deve- 
loped as  selective  cells,  of 
tjVo  to  of  an  inch 


I*anrrniil«?  foltlelea;  Bat.  Ma#n.  iMdbun.  ccxxxi. 

in  the  thin  ramified  plates  of  the 
Rfslents’  pancreas  the  best  condi- 


Selective  cell*  from  tbe  (laiirreatlr  follicle*  of  the  Rat. 
Maifn- 400dlafa.  ccxxxi. 

tions  for  microscopic  scrutiny,  has 
given  the  following  amongst  other 

386 


L'Uluaie  lubule  orarlnut  of  tbe  pancreas  i>f  a Mouse. 
lM)diam  ccxzxi. 


Digitized  by  CoogU 


PANCREAS  OK  MAMMALIA. 


499 


in  diameter,'  subcompressed,  rounded  or  polygonal  in  shape ; 
which  escape  hy  rupture  of  the  follicle.  These  cells  slightly  in- 
crease and  become  filled  by  opaque  granules,  fig.  385,  resembling 
the  granular  contents  of  the  free  secretion,  which  granules  appear 
to  be  liberated  by  the  solution  and  disappearance  of  the  cell-wall. 

The  spaces  containing  both  follicles  and  cells  are  circumscribed 
by  productions  of  a basilemma  defining  the  ultimate  lobules  or 
‘acini’  of  the  pancreas:  in  one  of  these,  fig.  386,  may  be  seen  a 
group  of  follicles  containing  two  results  of  formifaction,  called 
‘ stages  of  selective  or  epithelial  cells.’  ‘ 

The  following  are  among  the  later  and  more  exact  analyses  of 
the  pancreatic  secretion  from  a carnivorous  and  a herbivorous 
species  of  mammal : — 

Pancreatic  juice  of  dog  (Schmidt Pancreatic  juice  of  ass  ( Frcrichs).* 


Water 

. ‘J0076 

Water 

98640 

Solid  residue 

9924 

Solid  residue 

1.3-60 

Organic  matter 

9038 

Fat 

0 26 

Inoiganie  . 

8 86 

Alt'ohol  extract 

0 15 

Water  extract 

3-09 

Soluble  salts 

8-90 

lnK>luble  salts 

1-20 

Frerichs’  ‘ water-extract  ’ and  Schmidt’s  ‘organic  matter’  signify 
a substance  resembling  albumen  and  casein,  but  not  identical 
with  ptyalin.  The  pancreatic  secretion  differs  from  the  salivary- 
in  containing  more  than  double  the  amount  of  solid  residuum,  in 
which  albumen  and  casein  are  abundant ; while  they  exist  in  very 
small  quantity  in  saliva.  Saliva  is  neutral,  or  contains  a little 
alkaline  carbonate  : the  pancreatic  secretion  contains  a little  free 
acid.  Saliva  contains  sulpho-cyanide  of  potassium ; in  the  pan- 
creatic fluid  there  is  none. 

This  fluid  completes  the  process  of  converting  amylaceous 

‘ In  using  the  terms  ‘ cell  ’ and  ‘ nucleate  cell ' I would  not  he  understood  as  imply- 
ing that  such  are  progeny  of  previous  cells,  owing  their  origin  to  a genetic  process 
inherited  from  ‘one  primordial  form  into  which  life  was  Brst  breathed  (ccxni". 
p.  184).’  The  cell  is  one  of  the  forms  in  which  proteine  matter  in  solution  may  be 
aggregated,  with  limitation  of  size  and  definition  of  shape;  such  forms  difiering  from 
crystals  in  being  rounded  instead  of  angular,  as  shown  in  the  instructive  eaperimente 
of  Rainey  (ccrx".  p.  9.)  Accordingly,  to  expn  ss  this  act,  I use,  instead  of  ‘ crys- 
tallise,* the  word  ‘ formify,*  for  crystallisation  ‘ lormifaction,’  for  crystallising  ‘ formi- 
fying’:  such  terms  imply,  simply,  the  fact  of  the  assumption  of  the  forms  called 
■ granule,’ ‘ corpuscle,’  monad,’  ‘globule,’  ‘ disc,’ ‘ cell,’  ‘nucleus,’  ‘nucleate  cell.’ &c. 
• Formified  particles  ’ cling,  like  crystals,  to  the  free  surface  of  the  cavity  containing 
the  solution,  and  are  then  termed  ‘ epithelial  cells’ : such  surface  seems  favourable  to 
the  initiation  of  the  formifying  process:  but  a large  proportion  of  the  results  of  such 
process  is  manifested  in  the  free  state,  like  the  fine  crystals  that  follow  concussion  of 
water  cooled  gradually  and  quietly  below  the  freezing  point. 

* cixti".  ’ CLxm”. 
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matters  into  sugar,  which  was  commenced  by  the  saliva.  Bernard 
maintains  that  it  also  exercises  the  more  important  office  of  emul- 
sifying or  saponifying  the  neutral  fatty  matters  contained  in  the 
food,  by  decomposing  them  into  glycerine  and  their  respective 
fatty  acids,  and  so  rendering  them  absorbable.'  But  the  latest 
experimenters  are  agreed  only  in  regard  to  the  first  result,  and 
the  chief  office  of  the  pancreatic  secretion  in  digestion  still  awaits 
detennination. 

§ 340.  Peritoneum  and  appendages  in  Mammalia. — The  abdo- 
men, as  a definite  .and  circumscribed  visceral  chamber,  is  peculiar 
to  the  j)resent  class:  the  heart  and  other  thoracic  viscera  are 
shut  out  by  tbe  complete  transverse  septum  or  ‘ diaphragm  ’ front 
the  major  part  of  the  trunk-cavity,  to  which  the  term  ‘ abdomen* 
is  now  restricted.  The  serous  membrane  calle<l  ‘ peritoneum,’ 

which  lines  this  cavity,  is  reflected 
from  the  walls  ujton  the  principal 
abdominal  viscera  to  some  of  which 
it  gives  a com])lete,  to  others  a 
partial,  investment.  In  the  human 
std)ject  the  peritoneum,  as  in  the 
section  shown  in  fig.  387,  p.a.sses  over 
the  fore  part  of  the  abdominal  aorta, 

j,  the  postcaval,  h,  and  the  kidneys, 

k,  h ; but  is  reflected  so  as  to  inclose 
the  liver,  stomach,  spleen,  and  major 

Tramvrnp  »ccllon  of  •Motnen  tbroii«b  the  f,f  (],(,  intestinal  Caiial  t it  is  Con- 

dm  lumbar  Ycrtcbni ; UutuiuK  ccxxxt,  i /.  i _ 

tinned  from  the  transverse  fissure  ol 
the  liver  upon  the  lesser  curvature  of  the  stomach  to  form  the  gas- 
trohepatic  omentum.  At  the  level  of  the  section  figured,  one  p.art, 
f,  is  seen  passing  forward  from  the  left  kidney  to  enclose  the  spleen, 
b,  and  the  stomach,  a:  the  ojiposite  border,  e,  is  the  part  of  the 
lesser  omentum  inclosing  the  hepatic  duct  and  vessels,  c.  Another 
fold  of  |)eritoneum  is  reflected  from  the  u])pcr  and  fore  part  of  the 
abdomen  upon  the  umbilical  vein  of  the  i’oetus,  which  afterwards 
degenerates  into  the  ‘round  ligament,’  d\  the  sujiporting  fold, 
being  continued  into  the  sus[)cnsory  fissure  of  the  liver,  and  form- 
ing its  ‘ falciform  ’ ligament : other  folds  continued  from  the  dia- 
phragm upon  the  opjwscd  convexity  of  the  liver  are  its  ‘coronary’ 
and  ‘ triangular’  ligaments.  The  ics.scr  omentum,  more  properly 
the  ‘ mesogastcr,’  or  peritoneal  fold  which  mainly  suspends  the  sto- 
mach and  conveys  thereto  its  vessels,  also  covers  and  suspends  the 
spleen;  and  this  jiart  of  the  mesogastcr  is  termed  the  ‘ gastrosplcnic 
omentum,’  of  which,  in  Man,  only  the  left  or  outer  layer  fonns 

• clxit". 
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the  splenic  covering.  Both  layers  recede  to  include  the  stomach, 
fig.  388,  i,  whence  they  are  continued  from  the  line  of  the  greater 
curvature  over  the  fore  part  of  the  abdomen,  and  are  folded  back 
to  the  colon,  in  the  form  of  a large  flap  or  apron,  including  vessels 
and  more  or  less  fat,  forming  the  ‘ great  omentum,’  ib.  o,  o : it  is 
peculiar  to  the  Mammalia,  coexists  with  the  diaphragm,  and  may 
have  useful  relations  as  insulating  the  pcristaltically  winding  in- 
testines from  the  constant  res])iratory  movements  of  the  abdominal 
walls.  The  posterior  returning  folds  of  the  omentum  meet 
the  transverse  arch  of  the  colon,  recede  and  embrace  that  intestine. 


as  the  anterior  or  descending  folds  had  embraced  the  stomach ; 


the  colonic  folds  arc  continued 
back  as  a suspensory  ‘ meso- 
colon the  upper  layer  of  the 
fold  passes  over  the  fore  part 
of  the  duodenum  and  pancreas 
to  the  jwsterior  abdominal 
walls,  the  lower  layer  is  con- 
tinued a short  way  down  those 
walls,  and  is  again  reflected 
forward  to  the  small  intestines 
as  the  anterior  or  upper  layer 
of  their  suspending  fold  called 
‘ mesentery.’  The  relations  of 
the  peritoneum  to  the  pelvic  vis- 
cera show  no  class-specialities. 
Large  omental  processes  with 
accumulated  fat  arc  never  con- 
tinued froni  the  urinary  blad- 
der, and  rarely  from  the  j>elvlc 
or  other  rejnons  of  the  abdo- 
miual  walls,  as  they  are  in  most 


Itevtilia  : ’ small  one.s  from  the  liw min’d  » »ii<»  mw Momach  ana »re«* 

^ . . oiui'Mium,  Uunum.  cxlyih". 

serous  coat  of  the  large  intes- 

tine  are  developeil  in  many  Ungulates,  and  arc  called  ‘appen- 
dices epiploic*  ’ in  the  human  subject.  The  serous  sac  of  the 
abdomen  communicates  with  the  mucous  canal  of  the  oviducts  or 


‘fallopian  tubes,’ but  is  elsewhere  closed  in  the  female,  and  is  a 
shut  sac  in  the  male  mammal.  Productions  of  this  sac,  how- 


ever, accompany  the  testes  into  the  scrotum ; but  are  insulated 
by  obliteration  of  the  canal  of  the  spermatic  cord  in  Man. 

The  above  leading  features  in  the  disjiosition  of  the  peritoneum 
ofier  modifications  in  the  present  class.  In  the  insectivorous 


' XX.  tol.  iii.  pt.  it.  p.  221. 
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species  of  the  Ly-  and  Llss-encephala,  with  little  or  no  caecal 
distinction  of  the  intestines,  the  suspensory  fold  of  the  abdominal 
alimentary  canal  may  be  almost  as  simple  as  in  lizards ; e.  g.,  in 
the  Shrews,  fig.  389,  m.  The  omentum  is  restricted  to  a very 
small  duplicature  from  the  spleen,  s,  supjwrting  some  processes  of 
the  ramified  pancreas.  When  the  caecum  and  large  intestines  are 
more  developed,  then  the  peritoneum,  reflected  from  the  back  of 
the  abdomen,  appears  to  make  a half  twist,  fig.  380,  c,  to  form 


389 


the  mesocolon,  behind  which  the  duodenum  passes  to  become 
the  loose  jejunum,  which,  with  the  ileum,  is  suspended  on  the 
mesentery.  The  meso-duodenum,  continued  partly  from  the 
upper  layer  of  the  mesocolon,  is  here  of  a size  characteristic  of 
the  peritoneum  in  many  Alammals,  but  is  reduced  in  Quadru- 
mana,  and  is  almost  lost  in  Man.  The  great  omentum  or  epiploon 
is  larger  in  Rodents  than  in  Shrews ; but  is  transparent,  amd 
with  little  or  no  fat : it  includes,  in  Rodents,  pancreatic  processes. 
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ib.  o,  with  the  spleen.  In  the  Kangaroo  it  is  of  moderate  size, 
continued  loosely  from  the  stomach  to  the  transverse  colon,  but 
not  extended  beyond  that  part.  The  posterior  layer  lies  be- 
tween the  stomach  and  the  intestines,  and  exemplifies  one  of  the 
uses  of  the  epiploon,  as  it  prevents  these  parts  from  inter- 
fering with  each  other’s  motions.  The  anterior  layer  generally 
contains  more  or  less  fat.  In  the  Petaurus  the  epiploon  is 
continued  from  the  great  curvature  of  the  stomach  and  the 
commencement  of  the  duodenum.  In  the  Phalangers  it  is  of 
considerable  extent  and  is  usually  loaded  with  fat.  In  the 
Opossums  I have  found  it  generally  devoid  of  fat,  when  this 
substance  bas  been  accumulated  in  other  parts.  In  the  Phasco- 
gales  and  Dasyures  the  epiploon  is  of  moderate  size,  and  contains 
little  or  no  fat.  The  epiploon  is  attached  to  the  lower  arches 
of  the  several  divisions  of  the  stomach  in  Cetacea,  is  always 
devoid  of  fat,  and  is  of  limited  extent:  the  subdivided  spleens, 
fig-  355,  h,  I,  are  scattered  in  it,  as  in  a net : it  is  in  parts  reticu- 
late. The  epiploon  is  small  and  does  not  cover  the  intestines  in 
Sirenia,  Probotcidia,  and  Ptristodactyla.  It  is,  also,  of  limited 
extent  in  the  Ilog-tribe.  In  fatted  Sheep  it  is  larger  and  is  reti- 
culated with  adipose  matter.  It  is  attached,  in  Euminants,  to  the 
right  side  of  the  left  division  of  the  rumen,  and  along  its  anterior 
or  ventral  convexity,  passing  from  the  right  of  this  to  the  abomasus 
and  the  beginningof  tbeduodenum:  it  does  notcover  the  intestines, 
and  is  commonly  found  crumpled  up  beneath  the  paunch.  The 
reticulate  structure  of  the  great  omentum  appears  to  be  natural 
and  pretty  constant  in  the  Dog  and  some  other  Carnivora  : in  the 
Seal  the  omental  fold  is  thin  and  devoid  of  fat. 

The  peritoneum  lining  the  elastic  ventral  wall  of  the  abdomen  in 
the  Elephant  and  Rhinoceros  is  of  unusual  thickness  and  strength, 
the  areolar  tissue  connecting  it  to  adjacent  structures  presents  an 
aponeurotic  firmness : the  free  surface  of  the  serous  membrane  I 
found  to  be  white  and  opaque:'  it  is  generally  transparent  and 
opaline  or  colourless.  In  some  hibernating  Rodents  a fold  of  peri- 
toneum extends  forward  from  each  lumbar  region,  covering  the 
lateral  convolutions  of  the  intestine  as  far  as  the  umbilicus,  and 
towards  the  beginning  of  winter  becoming  tbe  seat  of  an  abdominal 
deposit  of  fat:  they  may  serve  with  the  ordinary  omentum  the 
double  purpose  of  nonconductors  of  heat  and  a store  of  nutriment. 

[Since  Sberts  t-dd  were  printed  off.  tbe  excellent  Paper  clxxiti"  bas  appeared, 
abowiog  tbat  the  deciduous  teeth  of  the  mole,  though  too  minute  to  seem  of  use, 
are  not  shed  until  after  birth.  In  other  respects  Mr.  Spence  Bate  confirms  the 
talpine  formnla  given  at  p.  304.] 


■ T"  p,  37. 
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CHAPTKR  XXXI. 


ABSORBENT  SYSTEM  OF  MAMMALIA. 


§ 341.  Lacteah. — In  Mammalia  the  intestinal  villi  constitute  a 
modification  of  surface  intimately  related  to  the  formation  and 
more  especially  to  the  absorption,  of  chyle.  Such  villi,  e.g.  of  a 
calf  killed  after  being  fed  with  milk,  exhibit,  when  magnified 


390 


as  in  fig.  390,  a central  canal,  dilat- 
ing towards  its  end,  c,  white  or  opaque 
with  chyle : it  appears  to  be  an  ex- 
cavation in  the  substance  of  the 
villus,  and  the  only  definite  tunic  is 
the  limitary  membrane,  a ; from  which 
the  epithelium  (shown  in  fig.  350,  n) 
has  been  removed.  The  columnar 
cells  of  which  this  epithelium  is  com- 
posed are  the  direct  agents  of  absorp- 
tion. Each  cell  becomes  gradually 
filled  by  a clear  globule  of  refrac- 
tive fluid,  like  oil.  The  scattered 
cells  which  are  first  filled,  cause 
parts  of  the  surface  of  the  villus 
to  glisten,  as  in  fig.  391,  in  contra.st 
with  the  darker  tracts  of  unfilled 
cells.  The  oil-like  globule  next  un- 
dergoes changes,  represented  in  the 
cell-series,  fig.  392,  which  mainly 
consist  in  a subdivision  or  reduction 
of  the  globule,  d,  to  the  granular 
state  in  n,  the  nucleus  of  the  colum- 


iniMtioji  oiM  wiiii  i«cter,i  ™nar,  r.if,  nar  ccIl  rcmainin"  Unchanged.  These 

ma«n.  CI..X&V11I".  , i i 

granules,  or  molecules,  escape  by 
rupture  or  solution  of  the  cell-wall,  penetrate  the  limitary 
membrane,  become  aggregated  in  the  basal  tissue  of  the  villus, 
and  finally  enter  the  lacteal  canal.  Dead  animal  membrane  does 
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not  prevent  the  effects  of  the  ever-present,  ever-active  force  which 
manifests  itself,  e.g.,  in  the  combination  of  an  alkaline  solution 
with  a less  alkaline  fatty  emulsion 
previously  separated  by  such  mem- 
brane : and  the  cell-wall  would  offer 
much  less  physical  resistance  to  the 
diffusive  interchange  than  the  mem- 
brane used,  e.g.,  in  Matteucci’s  ex- 
periments.' But,  besides  the  act  ot 
physical  imbibition,  with  which  the 
intussusception  of  aliment  by  mo- 
nads or  nucleate  cells  is  closely  re- 
lated if  not  identical,  there  are  also 
assimilative  changes  effected  by  these 
organites.  Viewed  by  the  microscopic 
aids  of  the  last  ceutury  they  were 
thought  to  be  orifices  by  which  the 
chyle  was  sucked  up  and  then  con- 
veyed by  beginnings  of  the  lacteal  ab- 
sorbents to  the  central  space  or  ‘ trunk,’ 
of  which  Cruikshank  saw  ‘ but  one  in  tIIIo*,  Dog.  tna«n.  400  dUm 

, .ti  * 1*  /•  1 t 1 1 1*  1 hour*  after  ffvdiof.  CXLviir* 

each  Yillus  of  a female  who  had  died 

suddenly  a few  hours  after  a full  meal  (clxxviii");  occasionally 
two  have  been  seen  with  looped  unions  in  one  villus : in  Mam- 
mals with  broader  villi  the  chyle-ca^^ty  is  reticulate.  These 
trunks  are,  however,  the  first  de- 
finite absorbent  channel,  and,  ac- 
quiring proper  walls,  unite  together 
at  the  roots  of  the  villi  to  form  a 
network  at  the  areolar  basis  of 
the  mucous  membrane,  whence 
branches  proceetl  to  perforate  the 
muscular  coat,  and  take  a trans-  Epuiirtuicrii<of.viiiu.,duriti».u..r,.ii.»D 

' uf  Cat,  tnu^u.  diam.  cxLvm". 

verse  course  to  the  line  of  attach- 
ment of  the  mesenteric  layers.  There  are,  also,  superficial  ab- 
sorbents of  the  serous  coat,  which  affect  a longitudinal  course  and 
unite  with  the  lacteals  in  their  passage  to  the  areolar  interval  of 
the  layers  of  the  mesentery : here  they  traverse  the  mesenteric 
glands,  and  progressively  unite  into  a plexus  surrounding  the 
superior  mesenteric  artery.  The  lacteals  and  lymphatics  from 
the  csecum  and  colon,  which  also  traverse  absorbent  ganglions  or 

' CXXXTIl".  p.  104. 
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glands,  ultimately  join  the  mesenteric  lacteals,  and  the  contents  of 
the  whole  intestinal  system  of  absorbents  are  carried  by  a few 
trunks  to  a ‘ chyle-receptacle,’  fig.  399,  ii,  at  the  root  of  the  mesen- 
tery, whence  are  continued  the  beginnings  of  the  ‘ thoracic  duct,’ 
§ 342.  Lymphatics. — These  differ  from  the  lacteals  only  in  the 
nature  of  their  contents,  and  even  this  is  a temporary  or  contingent 
difference,  for  the  lacteals  convey  a clear  lymph,  when  the  func- 
tion of  chylification  is  suspended.  The  gastric  absorbents  accom- 
panying the  right  gastro-epiploic  vessels  communicate  behind 
the  beginning  of  the  duodenum  with  ‘ lacteals  ’ and  absorbents 
from  the  liver : the  gastric  absorbents  from  the  lesser  curvature 
join  those  of  the  liver  deseending  ‘ Glisson’s  capsule : ’ the  ab- 
sorbents accompanying  the  left  gastro-epiploic  vessels  unite  with 
those  from  the  spleen.  The  pancreatic  absorbents  communicate 
partly  with  the  splenic  ones,  partly  with  the  duodenal  lacteals. 
The  deep-seated  absorbents  of  the  liver,  continued  from  the  initial 
plexuses  already  adverted  to  in  the  portal  fissures,  fig.  373, 
emerge  with  the  hepatic  ducts,  and  are  joined  by  those  of  the 
gall-bladder  and  by  many  of  the  superficial  absorbents : they 
traverse  glands  in  ‘ Glisson’s  capsule.’  Some  of  the  superficial 
absorbents  ascend  along  the  coronary  and  lateral  ‘ ligaments  ’ and 
enter  the  thorax,  independently  of  the  trunks  of  the  deeper-seated 
ones.  They  combine  with  the  absorbents  of  the  heart  and  lungs 
and  those  accompanying  the  ‘ internal  mammary  ’ vessels  to 
form  three  or  four  trunks  communicating  with  the  thoracic  duct. 
The  direct  work  of  taking  up  waste  tissues  is  done  by  indepen- 
dent organites  : the  earliest  recognition 
of  absorbents  is  as  intercellular  spaces 
or  areolae  (vol.  i.  p.  455),  or  serous  cavi- 
ties ; the  canals  continued  from  which, 
when  filled  by  injected  fluid,  resemble 
a ‘ plexus,’  such  as  Breschet  has  deli- 
neated in  figure  393 : such  plexifonn 
beginnings  are  commonly  superficial, 
as  beneath  the  skin  and  the  serous  sur- 
face of  organs : in  the  substance  of  or- 
gans and  tissues  the  origins  are  ‘ lacunar’ ; 
in  both  forms  the  free  surface  shows 
nucleate  scale-cells.  When  a distinct  wall  can  be  defined,  the 
lymphatics  of  Mammals  are  seen  to  be  more  numerous,  mi- 
nute, and  ‘ highly  finished  ’ than  in  lower  Vertebrates.  And, 
though  remarkable  for  their  almost  transparent  delicacy,  their 
walls  are  strong,  and  in  them  may  be  distinguished  fibrous  layers 
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and  a lining  membrane : the  latter  consists  of  flat  and  nucleate 
epithelial  cells,  adherent  to  a reticulate  subfibrous  membraniform 
basis : it  presents  a smooth  surface,  like  that  of  a serous  membrane, 
to  the  naked  eye.  The  fibres  of  the  middle  tunic  affect  a circular 
arrangement,  are  contractile  like  other  fibres  of  the  ‘smooth 
system,’  and  are  also  elastic.  An  outer  tunic  may  be  defined  by 
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the  longitudinal  course  of  the  fibres  of  the  condensed  areolar 
tissue  mainly  forming  it  In  the  thoracic  duct  longitudinal 
fibres  of  the  ‘ smooth  ’ kind  are  distinctly  superadded  to  the  outer 
coat,  and  a reticulate  membrane  has  been 
detected  between  the  inner  and  fibrous  tunics. 

In  the  present  class,  the  inner  tunic  is  folded 
to  form  many  and  efficient  valves,  of  the  a 
‘semilunar’  form,  and  commonly  in  pairs, 
fig.  394,  rarely  single : it  is  reflected  from 
the  fibrous  coat  half-way  across  the  area  of 
the  vessel  and  then  folds  back  upon  itself  to 
return  to  the  wall,  which  it  continues  to  line 
until  it  forms  the  next  valve.  The  two  layers 
of  the  fold  firmly  adhere,  and  offer  great  re- 
sistance to  any  pressure  upon  their  concavity. 

In  figure  395,  a shows  a side-view,  b an 
oblique,  and  c an  end-view  of  the  usual  dis- 
position of  the  valves  in  pairs  in  distended 
lymphatics,  when  their  free  margins  meet  and 
close  the  area  of  the  vessel  to  prevent  the 
lymph  flowing  back.  Mr.  Lane  has  figured 
three  varieties  in  the  valves  of  lymphatics,  fig.  vmimim  of  r.ir».  ^ ljib- 
396,  near  their  entry  into  the  conglobate  bodies  i'""”  ■ 

called  ‘ glands.’  In  a,  one  fold,  b,  was  less  than  the  other  b,  and 
the  margins  of  the  outstretched  folds  did  not  meet  or  perfectly 
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close  the  vessel,  the  inner  surface  of  which  is  shown  at  a : in  B 
the  folds  were  continuous  forming  a subcircular  valve,  and  con- 
tained both  fibrous  and  serous  tissues ; in  c,  besides  the  ordinary 
pair  of  semilunar  valves,  b,  b,  there  was  a subcircular  fold,  c. 

§ 343.  Absorbent  ganglions. — These  bwlies,  also  called  lympha- 
tic or  lacteal  ‘ conglobate  glands,’  are  much  more  numerous  in 
Mammals  than  in  other  Vertebrates.  In  the  limbs  they  are 
chiefly  situated  at  the  flexures  of  the  joints  ; and,  being  connected 
by  a looser  tissue  to  surrounding  parts,  elude  pressure  by  the 
freedom  of  motion  so  allowed.  They  occur  in  the  neck  and  head 
external  to  the  cranial  cavity : in  the  thorax  at  the  anterior  and 
jwsterior  ‘ mediastina,’  and  at  the  bronchial  trunks  where  they 
are  usually  discoloured  by  black  carbonaceous  matter.  In  the 
abdomen  they  arc  found  in  the  mesentery,  near  the  spleen,  and 
along  the  side  of  the  aorta,  post-caval,  and  iliac  vessels.  In  the 
neighbourhood  of  the  liver  and  gall-bladder  jwst-mortem  exudation 
tinges  them  yellow : as  a rule,  they  are  of  a ]>inkish  grey  tint. 
The  absorbents  which  enter  the  gland,  fig.  397,  B,  «,  a,  are  com- 
monly smaller  and  more  numerous  than  those  that  quit  it,  ib. 
e : the  former,  or  ‘ vasa  inferentia  ’ divide  into  small  branches 
pre^ous  to  entering.  They  then  finely  ramify,  lose  their  jrroper 
tunics,  and  become  continuous  with  those  lacunar  channels  or 
‘ vacuoles  ’ which  appear  in  the  cell-mass  of  the  developing 
glands.'  The  preponderance  of  the  fibrous  tissue  left,  as  it  were, 
in  the  peripheral  part  of  the  gland  gives  ground  for  the  distinction 
of  a ‘ cortical  ’ from  a ‘ central  ’ portion.  But  there  is  no  definite 
boundarv-line : septa  extend  from  the  ‘ cavernous  ’ capsule,  at 
first  lamellifonii  in  the  cortical  jrart  and  becoming  cord-like  or 
‘ trabecular  ’ in  the  central  part.  In  the  latter,  the  lymph- 
channels  become  larger,  especially  in  the  mesenteric  glands,  and 
have  been  termed  ‘ loculi : ’ they  are  large  in  the  mesenteric 
glands  of  the  Cetacea,  though  not  in  the  degree,  or  with  the 
anatomical  relations,  described  in  ci.xxiv",  p.  27.  They  arc 
paved  by  the  flat  nucleate  cells,  and  usually  contain  a whitish 
pulpy  matter:  minute  plexiform  vessels,  surrounding  the  ‘ loculi,’ 
form  the  beginnings  of  most  of  the  ‘ vasa  efterentia,’  ib,  e ; a few 
are  direct  continuations  of  the  inferent  vessels. 

§ 344.  Disjiositinn  of  /..gnijihatics. — In  the  Mammalian  class 
the  anatomical  dis]>osition  of  the  lym]ihatic  system  has  been 
most  comjdetely  traced  out  in  the  human  subject.  Success- 
fully injecteil,  the  superficial  lym])hutics  of  the  lower  limb 
present  the  general  arrangement  shown  on  the  fore-part  of 

' ci.xxvr.  p.  152. 


Digitized  by  Google 


ABSORBENT  SYSTEM  OF  MAMMALIA. 


503 


the  leg,  in  Mascagni’s  magnificent  work  (cLXXi"),  from  which 
fig.  398  is  reduced.  On  the  inner  side  they  tend  to  converge 


397 
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about  the  vena  saphena,  and,  with 
the  deeper-seated  ones,  mainly  unite 
into  trunks  which  again  sulxlivide 
to  enter  the  ‘ inguinal  glands,’  fig. 

399,  1,  2.  Their  efferent  trunks 
affect  the  course  of  the  iliac  vessels, 
converging  toward  and  uniting  by 
cross  branches  with  those  of  the 
op{K)site  side,  and  communicating 
with  the  lacteal  system,  at  the  ‘ re- 
ceptaculum  chyli,’  ii,  whence  pro- 
ceed the  origins  of  the  thoracic  duct. 

This,  in  ^lan  and  most  Mammals, 
enters  the  thorax  between  the  aorta  BuperflcUl  lynphailrs  of  ibc  lowrrextrfr- 
and  vena  azvgos,  and  lies  behind  the 

oesophagus  in  the  posterior  mediastinum.  It  is  frequently  tor- 
tuous and  rarely  single  throughout.  It  often  splits  into  two 
or  more  branches,  which  after  a longer  or  shorter  course  reunite ; 
this  division  and  reunion  may  be  two  or  three  times  repeated. 
The  principal  canal,  in  Man,  fig.  400,  a,  a,  mounts  into  the 
cervical  region  in  front  of  the  vertebral  artery  and  vein  to  the 
level  of  the  seventh  cervical  vertebra,  opposite  to  which  it  be- 
gins to  form  a curve,  first  forward  and  outward,  then  downward 
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and  inward,  over  the  subclavian  artery  to  reach  the  angle  of  union 
between  the  left  subclavian,  «,  and  internal  jugular,^',  veins,  at 
which  point  it  empties  itself  into  the  venous  system  by  one  or 
more  branches.  The  corresponding  veins  on  the  right  side  also 


399 


Abtorbcnl  tniBks  of  InvotnAl  and  lambar  reriona,  with  r«eept«culuin  chyli ; HamAO.  clxx  • 

receive  lymph,  but  u.sually  by  a short  trunk,  ib.  c.  There  have 
been  observed,  in  Man,  varieties  which  arc  more  constant  in  some 
lower  Mammals,  as,  c. g.,  a double  ‘ thoracic  duct,’  one  terminating 
in  the  left,  the  other  iu  the  right  subclavian  vein ; a bifurcation 
of  the  duct  at  a higher  or  lower  level,  one  branch  terminating  in 
the  angle  of  union  of  the  subclavian  and  internal  jugular  veins  of 
the  left  side,  the  other  emptying  itself  cither  into  the  correspond- 
ing point  on  the  right  side  or  joining  the  right  lymphatic  trunk. 
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close  to  its  termination ; a single  trunk  terminating  altogether  on 
the  right  side  of  the  conflux  of  the  internal  jugular  and  subclavian 
veins,  in  which  case  a short  lymphatic  trunk  is  found  on  the  left 
side  similar  to  that  which  usually  exists  on  the  right,  constituting 
a partial  lateral  inversion  or  transposition  confined  to  the  trunks 
of  the  lymphatic  system.  The  right  lymphatic  trunk  nearly  equals 
the  thoracic  duct  in  dia- 
meter; it  is,  however,  not 
more  than  half  an  inch  in 
length.  Its  situation  is  in 
the  neck  at  the  level  of  the 
lower  edge  of  the  seventh 
cervical  vertebra,  lying 
close  to  the  inner  edge  of 
the  ‘ scalenns  anticus,’ 
and  opposite  to  the  union 
of  the  subclavian  and  in- 
ternal jugular  veins,  at 
which  point  it  terminates 
in  the  venous  system.  It 
receives  the  lymphatics  of 
the  right  upper  extremity 
and  of  the  right  side  of 
the  head  and  neck,  those 
from  the  right  lung  and 
right  side  of  the  heart, 
some  few  from  the  right 
lobe  of  the  liver,  and  from 
the  exterior  and  interior  of  the  right  upper  half  of  the  body. 
Sometimes  the  trunk  of  the  cervical  lymphatics,  fig.  400,  c,  enters 
separately  the  jugular  vein,_/. 

§ 345.  Mammalian  modifications. — The  lacteals  in  Dasyurus 
vieerrinus  converge  to  two  subelongate,  dark-coloured  mesenteric 
glands ; one  of  them  situated  near  the  pylorus,  at  the  end  of  the 
pancreas.  The  cystema  chyli  is  plexiform  in  the  Marsupials 
which  I have  examined ; in  the  Kangaroo  it  lies  upon  the  crura 
of  the  diaphragm,  and  extends  upon  the  right  side  above  the  dia- 
phragm into  the  thorax.  Two  thoracic  ducts  are  continued  from 
the  cystema,  one  along  the  left,  the  other  along  the  right  side  of 
the  bodies  of  the  dorsal  vertebne.  The  right  duct  crosses  the 
seventh  vertebra  and  joins  the  left,  which  again  divides  and  re- 
unites, forming  a slight  plexus,  before  finally  terminating  at  the 
confluence  of  the  left  subclavian  and  jugular  veins.  The  double 
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thoracic  duct  has  been  observed,  with  a similar  arrangement,  in 
the  Dog  and  Sea-otter.  In  most  Carnivora  the  mesenteric 
glands  are  aggregated  in  one  mass,  known  to  the  old  anatomists 
as  the  ‘ pancreas  Asellii : ’ in  the  Weasel  it  is  in  two  masses,  and 
in  the  Cat,  Ichneumon,  and  Seal  has  been  found  more  subdivided. 
In  these,  however,  there  is  one  principal  gland  or  ‘ vasoganglion,’ 
the  efferent  vessels  of  which  quickly  unite  into  a trunk  grooving 
its  dorsal  surface  in  the  Seal,  from  which  two  main  canals  proceed 
to  the  thorax.  In  Ungulata  and  Quadrumana  the  mesenteric 
glands  arc  numerous.  I have  noticed  a large  one  in  the  meso- 
colon of  the  Echidna,  near  the  rectum.  The  chyle-recej)tacle  is 
large  and  cavernous,  sometimes  bilocular,  in  the  Horse:  the 
thoracic  duct  has  shown  varieties  like  those  above  describc<l  in 
Man,  but  it  always  terminates  in  the  prccaval  vein  at  the  union 
'■therewith  of  the  two  jugulars.  In  the  Ox  the  lymphatic  trunk 
jMjrforatcs  the  diaphragm  by  an  a]>erture  distinct  from  that  of  the 
aorta:  it  usually  bifurcates,  sometimes  becomes  plexiform,  in  tbe 
thorax  : the  two  divisions  diverging  to  the  right  and  left  inm>- 
minate  veins  formed  by  the  junction  of  the  jugulars  and  axillaries. 
In  the  Hog  the  thoracic  duct  htis  been  observed  to  terminate  in 
the  azygos  vein.  The  orifice  of  communication  with  the  venous 
system  is  usually  defended  by  a jiair  of  semilunar  valves ; but 
varieties  have  been  noted,  and,  after  death,  blood  has  been 
observed  in  the  thoracic  duct  of  the  Horse. 

Independent  movements  of  contraction  and  dilatation  have  been 
witnessed  in  tbe  chyle-receptacle  and  lacteals  of  the  Ox  but  no 
rhythmically  pulsating  sacs  have  been  detected  in  the  absorbent 
system  of  Mammalia,  nor  have  other  jwiiits  of  communication  with 
the  venous  system  been  uncontrovertibly  detennined,  save  those 
above  described. 

' cixxv' . 
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CHAPTER  XXXII. 

CIRCULATING  SYSTEM  OF  MAMMALIA. 

§ 346.  Blood  of  Mammals.  The  blood  in  this  class  is  hot  and 
red,  with  a proportion  of  organic  matters  to  the  water  as  great  as 
in  Birds,  and  more  abounding  in  blood-discs,  which,  as  a rule,  are 
of  a circular  form,  and  of  smaller  size  than  in  Ovipara,  consisting 
of  a'Lscous  hematosine  without  a cell-wall  (vol.  i.  fig.  8,  a,  h). 
Besides  the  ordinary  red  discs  there  occur  pale  or  granulated 
vesicles,  the  appearances  of  which,  in  the  blood  of  a Perameles 
examined  by  me  in  1838,  ‘.suggested  the  idea  that  such  blood- 
disc  was  undergoing  a spontaneous  subdivision  into  smaller 
vesicles.’* 

The  existence  of  a capsule,  or  rather  a difference  between  the 
peripheral  and  central  parts,  in  ordinary  mammalian  blood-discs, 
seems  to  be  demonstrated  by  submitting  them  to  a solution  of 
magenta,  when  the  contents  become  a faint  rose  colour,  with  a 
more  deeply  tinted  outline,  at  least  in  part  of  their  circumference  : 
occasionally  a definite  part,  like  a nucleus,  is  recognisable. 

In  the  bisrbest  class  of  Vertebrates  the  several  tissues  of  the 
body  are  best  defined  and,  so  to  speak,  most  highly  finished : 
the  condition  of  organic  matter  by  and  through  which  the  acts 
of  addition  and  subtraction  are  performed  in  relation  to  the 
growth,  maintenance,  and  renovation  of  such  tissues  is  the 
formified  proteine  substance,  or  organite.  It  would  seem  that 
mere  fluid  would  not  serve  the  purpose : the  more  solid  particles, 

‘ CLXXix",  p.  474.  This  idea  has  received  confirmation  in  various  degrees;  e.g..hy 
Quekflt  (*  M^.  Gazette/  Januan*,  1840),  by  Martin  Barry  (‘  Philos.  Trans.’  1840,  p. 
506),  by  Wharton  Jones  (ib.  1846);  and  more  recently  by  Dr.  Roberts,  of  Manchester, 
in  bis  instructive  researches,  aided  by  the  efft-cts  of  a solution  of  mafrenta  on  the  blood. 

* The  pale  corpnaclea  were  more  strongly  tinted  than  the  red ; and  their  nuclei  were  dis- 
played with  great  clearness,  dyed  of  a magnificent  carbuncIe-rcd.  A number  of  the 
nuclei  were  seen  in  the  process  of  division,  mure  or  less  advanced,  and  in  some  cells’ 
(my  ‘ granulate  vesicles  ’)  * the  partition  had  issued  in  the  production  of  two,  three,  or 
four  distinct  secondary  nuclei.  There  was  evidence  that  these  secondary  nuclei  were 
set  free  in  the  blood,  and,  by  subse<jueot  enlargement  and  change  of  form  aud  chemicnl 
constitution,  developed  into  red  blood-discs.’ — Proceedings  of  the  Lit.  and  Phil.  Society 
of  Manchester,  1866. 
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called  blood-discs,  added  to  the  ‘ liquor  sanguinis,’  move  in  single 
file  along  the  terminal  capillaries  of  the  circulating  system  and 
here  come  into  the  requisite  contact  with  the  tissues  for  the  in- 
terchanges in  question.  One  visible  result  of  the  giving  and 
taking  through  attracting  and  repelling  forces,  usually  defined  as 
‘ vital,’ ' is  the  change  of  colour  which  here  takes  place,  viz.,  from 
florid  to  modena,  in  the  general  system,  and  the  reverse  in  the 
respiratory  one.  Agreeably  with  this  view  of  the  function  of  the 
blood-discs  we  find  them,  in  relation  to  the  grade  of  histological 
development  in  the  class,  to  be  the  most  numerous  and  most 
minute  relatively  to  the  bulk  of  the  bo<ly,  in  the  present : in  other 
words,  the  collective  circulating  surface  effecting  organic  inter- 
change is  ffreatest  in  the  blood  of  Mammals. 

The  blood-discs  are  squeezed  in  the  nan'owcst  tract  of  the 
capillaries,  and  by  their  elasticity  resume  their  shape  in  the  wider 
part : they  are  not  constantly  separated  by  plasma  from  the 
capillary  wall,  and  the  thickness  of  that  wall  is  very  inferior  to 
that  of  the  membrane  which  e.xperiinents  have  shown  to  allow  of 
endosmotic  transit  of  matters.  The  mammalifin  blood-corpuscle, 
as  a general  rule,  is  a circular  disc;  and,  instead  of  being  swollen 
in  the  centre  by  a nuclear  part,  is  there  thinner ; the  disc  is  conse- 
quently slightly  biconcave : it  consists  of  the  albuminoid  coloured 
matter,  insoluble  in  serum,  called  hematosine,  the  particles  of 
which  have  aggregated,  according  to  their  formifying  forces,  into 
the  discoid  shape.  The  colour  of  the  individual  blood-disc  is 
yellow ; lighter  in  the  middle  where  it  is  thinnest,  deepening  to  a 
red  tint  only  when  light  is  reflected  from  a thickness  resulting 
from  an  aggregate  of  many  discs  : the  quantity  of  the  disc- 
substance  similarly  affects  transmitted  light. 

The  average  diameter  of  the  human  blood-disc  is  -j-gVo 
inch  (vol.  i,  fig.  8,  a).  I early  availed  myself  of  the  menagerie 
of  the  London  Zoological  Society  to  test  the  characters  of  size 
in  the  Mammalian  class,  and  communicated  the  two  extremes,  ob- 
serve<l,  e.  g.,  in  the  Elephant  and  Pygmy  Musk  (ib.  i),  with  some 
other  instances  from  different  orders,  including  Marsupials  and 
Monotremes,  so  far  as  to  determine  the  cla.«s-characteristic  aflbrde<l 

' ‘ Tons  fails  les  micnx  conslat^e  me  semblent  montrer  que  les  globules  du 
DC  sont  |ms  de  simples  concretions  inert es  do  matiero  animale  rt’snltant  d’nno  sort*'  de 
precipitation  oa  do  emigulation  spheroTdale ; quo  co  sont  an  oontraire  des  parties 
viTsintos;’  ccxxxix.  p.  80.  NeTortheless  if,  ns  Acherson  thought  he  ob84*rTe*1. 
(cj.xxxiii")  the  white  or  granular  globules  should  be  a rt>su1t  of  reaction  of  oil-like 
particles  on  proteinc-inatters  in  pl<n<mii,  their  manifestation  of  forces,  though  calltM 
‘ vital.*  would  not  be  valid  against  an  observed  mode  of  ‘spontaneous  generation’  or 
* formifaction*  of  such  globules. 
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by  the  size  of  the  blootl-discs.'  In  every  individual  a certain  range 
of  size  was  presented,  and  the  two  extremes  and  the  average  were 
recorded : thus,  in  the  Indian  Elephant,  the  largest  blofKl-<]iscs 
were  twice  the  size  of  the  human,  and  the  smallest  was  not  less 
than  ygL  ^ th,  the  average  being  j-jVs  th  of  an  inch.’  In  the  Che- 
\ToUiin(  Traffulus  Kanchil)  the  average  diameter  of  the  hlood-disc 
was  inch.  In  the  Giraffe  the  average  size  of  the  blood- 

discs  was  inch,  or  nearly  one-third  smaller  than  those  of 

Man ; the  two  extremes  were  ^^-^(psth  ffew  in  number), 
an  inch  (more  in  number).  ‘ The  result  of  the  examination  of 
the  blood  of  the  largest  of  the  ruminating  tribe  indicates  that  the 
size  of  the  hloesl-discs  relates  to  the  condition  of  the  whole  organi- 
sation rather  than  to  the  bulk  of  the  species.  It  would  appear  from 
the  examination  of  the  blood-discs  in  the  goat,  sheep,  and  ox,  that 
an  unusually  small  size  of  the  blood-discs  was  associated  with  the 
peculiarities  of  the  ruminant  structure.’  * This  generalisation  has 
not  been  affected  by  later  observations.  M.\sdl‘  had  discovered 
in  the  Dromedary  that  the  blood-discs  were  elliptic.  I confirmed 
the  fact,  giving  the  long  diameter  of  the  average-sized  discs  as 
TsVo^^  inch,  the  short  diameter  xAo^h  inch;  but  I remarked 
that  among  the  elliptical  discs  were  a few  of  a circular  form. 
Extending  the  observation  to  the  smaller  South  Ameiican  species 
of  the  aberrant  ruminant  family,  I found  the  elliptical  form  to  pre- 
vail in  the  blood-discs  of  both  Llama  and  Vicugna.’  In  the  latter 
the  average  dimensions  were,  in  long  diameter  short  diameter 
■g-J-fX-  Mr.  Wharton  Jones  "subsequently  observed  blood-discs 
of  a circular  form  with  the  more  numerous  elliptic  ones  in  the 
Llama.*  These  exceptional  instances  to  the  Mammalian  form  of 
blood-disc  are  not  as.sociatcd  with  any  other  approximation  to  the 
oviparous  type : the  oval  kind  are  equally  non-nucleate  with  the 
ordinary  circular  blood-discs,  and  adhere  to  the  ruminant  charac- 
teristic of  minuteness  of  size.  Within  the  limits  of  that  natural 
proup,  it  will  be  observed  that  there  is  a ratio  between  the  size  of 
the  bloo<l-disc  and  that  of  the  animal.  But  such  ratio  is  quite 
inapplicable  tf>  the  Mammalian  class  generally.  If  the  Camelidce 
repeat  a rejitilian  shape  of  blood-disc,  the  Sloths  have  the  largest 
blood-discs  in  proportion  to  the  body : but  neither  one  nor  the 
other  character  occurs  in  the  Monotremes  and  Marsupials  which 
combine  the  greatest  proportion  of  oviparous  characteristics  in 
their  Mammalian  organisation.  In  the  Echidna  and  Omithorhvn- 

' ci-xxix".  * Ib.  p.  284.  • Ib.  p.  284. 

• cutxxu",  p.  1000.  ‘ Ib.  p.  47S.  * clxxxi".  p.  73. 

I.  !.  2 
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chiis  the  blood-iliscs  are  circular  and  average  inch  in 

diam. : being  larger  in  projwrtlon  than  in  Man,  though  less  than 
in  the  Sloths.  The  nuinerous  and  insignificant  gradations  of  size 
of  Mammalian  blood-discs  between  the  two  extremes  noted  in 
CLXXix"  have  been  recorded,  decimally,  in  ccxxxix,  vol.  i.  p.  84. 

§ 347.  Heart  of  Mammalia. — In  Mammals,  as  in  other  Ilaema- 
tothermals,  the  venous  and  arterial  parts  of  the  vascular  system 
have  no  communication,  beyond  the  heart,  save  at  the  peripheral 
cainllaries. 

The  right  auricle  is  less  definitely  divided  into  ‘ sinus  ’ and 
‘ auricle’  proper  than  in  Birds,  and  the  intervening  valves,  always 
less  efficient  against  reflux  from  the  auricle  into  the  sinus, 
gradually  disappear.  The  right  auriculo-ventricular  valve  re- 
sembles in  structure  the  left,  as  being  membranous  and  attached 
by  tendinous  threads  to  muscle.  Other  differences  between  the 
circulating  systems  of  the  two  hot-blooded  classes  are  shown  by 
blood-vessels. 

The  heart,  with  its  bag,  or  pericardium,  is  exclusively  located 
in  the  thorax,  and  in  many  Mammals  is  more  or  less  separated  by 
a lobe  of  the  lung,  fig.  308,  n,  from  the  diaphragm,  q. 

A.  Heart  of  Lyencephala. — In  the  Ornithorhynchus,  fig.  308, 
«.  b,  c,  it  presents  a rounded  oblong,  scarcely  conical,  form ; it  is 
situated  in  the  middle  of  the  fore  part  of  the  chest,  ]>arallcl  with 
the  a.\is  of  the  cavity,  inclosed  in  a thin  subtransparent  but  strong 
pericardium.  The  right  auricle,  b,  is  larger  and  longer  than  the 
left ; its  appendix  is  free  and  is  slightly  bifid.  It  receives  the 
venous  blood  by  three  great  veins  ; the  left  precaval,y,  descend- 
ing behind  the  left  auricle,  c,  to  join  the  termination  of  the  jx>st- 
eaval,  h ; to  the  right  of  which  the  coronary  vein  also  terminates 
in  the  auricle.  The  right  preeaval,  e,  is  joined  to  the  left  by  a 
transverse  branch,  g.  There  is  a deep  but  closed  fossa  ovalis 
near  the  upper  extremity  of  the  septum  of  the  auricles ; in- 
dicating that  the  intra-uterine  existence  of  the  young  was  of 
longer  duration  than  in  the  Marsupials.  The  right  ventricle,  a, 
is  capacious,  with  thin  parictes.  The  triciisjiid  valve  consists  of 
two  membranous  and  two  fleshy  jwrtions : the  smallest  of  the 
latter  Ls  situated  nearest  tlie  origin  of  the  pulmonary  artery,  and 
corresponds  with  the  lesser  fleshy  valve  in  the  heart  of  certain 
Birds  (vol.  ii.  p.  188,  fig.  92,  m):  it  is  attached  to  the  whole  of  the 
side  of  the  first  or  adjoining  membranous  portion.  The  second 
fleshy  portion  answers  to  the  larger  muscular  valve  (ib.  fig.  92, 1). 
The  two  edges  of  the  lower  half  of  the  second  fleshy  portion  of 
the  valve  in  the  Ornithorhynchus  are  free ; but  those  of  the 
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upper  half  are  attached  to  the  two  membranous  portions  of  the 
tricuspid  valve ; the  margin  of  the  membranous  part  of  the  valve 
is  attached  to  the  fixed  wall  of  the  ventricle  by  two  small  chordae 
tendineae ; and  the  structure  of  the  valve  thus  offers  an  interesting 
transitional  state  between  that  of  the  Mammal  and  that  of  the 
Bird.  The  origin  of  the  pulmonary  artery  is  provided  with  the 
three  usual  sigmoid  valves.  The  left  ventricle  has  very  thick 
parietes,  which  form  the  apex  of  the  heart ; the  mitral  valve  is 
membranous ; the  larger  flap  is  attaehed  to  two  strong  columnae 
came®  ; the  smaller  flap  also  receives  tendons  from  some  smaller 
column®.  The  left  auricle,  c,  receives  two  pulmonary  veins. 
In  the  Echidna  the  free  appendix  of  the  right  auricle  is  slightly 
indented.  The  terminal  orifice  of  the  right  precaval  is  protected 
by  a membranous  semilunar  valve,  extending  from  its  left  side. 
The  musculi  pectinati  diverge  from  a strong  faseieulus  which 
extends  from  the  appendix  to  the  orifice  of  the  inferior  cava ; 
this  fasciculus  bounds  the  left  side  of  a wide  fossa  ovalis,  which 
is  imperforate.  The  postcaval  is  protected  by  a large  membranous 
Eustachian  valve;  the  left  precaval  terminates  by  a distinct 
aperture  to  the  left  of  the  preceding,  and  is  also  defended  by  a 
process  of  the  Eustachian  valve.  The  inner  surface  of  the  right 
ventricle  is  more  irregular  than  in  the  Omithorhynchus ; the 
free  wall  is  attached  to  the  fixed  one  by  several  column®  came® 
and  short  chord®  tciidine® : the  tricuspid  valve  is  membranous, 
and  consists  of  one  principal  jwrtion  attached  to  the  exterior 
circumference,  and  a smaller  portion  closing  the  outer  angle ; the 
free  margin  of  the  valve  is  attached  to  the  extremity  of  a large 
fleshy  column,  arising  by  different  roots  from  both  the  fixed  and 
the  free  walls  of  the  ventricle ; a short  fleshy  column  is  attached 
to  the  left  extremity  of  the  valve  ; some  chord®  tendinc®  are 
fixed  to  its  right  angle. 

The  heart  of  Marsuj)ials  offers  no  peculiarity  in  its  general 
outward  form.  The  ai)ex  is  less  obtuse  in  some  species,  as  the 
Phalanger  and  Wombat,  than  in  others,  as  the  Kangaroo.  The 
serous  layer  of  the  pericardium  is  reflected  upon  the  large  vessels 
near  to  the  heart.  The  fibrous  layer  of  the  iterieardium  adheres 
to  the  stenium.  The  appendi.x  of  the  right  auricle  is  always 
divided  into  two  angular  processes,  a,  a,  figs.  401  and  402,  one 
in  front  and  the  other  behind  the  trunk  of  the  aorta,  o.  The 
right  auricle  presents  the  following  marsupial  conditions: — There 
is  no  trace  of  a ‘ fossa  ovalis  ’ or  an  ‘ annulus  ovalis,’ ' and  the 
absence  of  these  structures,  which  are  present  in  the  heart  of  all 

' XX.  vol.  ii.  p.  52. 
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the  placental  Mammalia,  relates  to  the  very  brief  period  during 
which  the  auricles  intercommunicate  in  the  Marsupials,  and  to 
the  minute  size,  and  in  other  respects  incompletely  develojMjd 
state,  at  which  the  young  marsupial  animal  respires  air  by  the 
lungs,  and  has  the  mature  condition  of  the  pulmonary  circulation 
established.  The  right  and  left  auricles  intercommunicate  by  an 
oblique  fissure  in  the  uterine  embryo  of  the  Kangaroo  when 
two-thirds  of  the  period  of  gestation  Is  past,  but  every  trace  of 

401  402 


this  foetal  structure  is  obliterated  in  the  subsequent  growth  of  the 
heart ; so  that  in  the  mature  animal  the  wide  terminal  orifice  of 
the  postcaval,  ib.  d,  is  separated  from  that  of  the  right  prccaval, 
ib.  b,  by  a simple  crescentic  ridge,  ib.  e,  which  forms  a salient  angle 
of  the  parietes  of  the  auricle  between  these  apertures.  The  orifice 
of  the  left  precaval,  ib.  c,  is  close  to  that  of  the  postcaval,  in  a 
position  analogous  to  that  of  the  coronary  vein  in  Man,  which 
here  oj)ens  into  the  left  precaval.  The  right  auriculo-ventricular 
valve  is  membranous,  and  its  free  margin  is  attached  by  fine 
‘ chordie  tendine®  ’ to  three  mammillary  ‘ columna;  carnese ; ’ these 
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in  the  Kangaroo,  fig.  401 , arise  from  the  septum  of  the  ventricles, 
but  in  the  Wombat,  fig.  402,  the  base  of  two  of  the  ‘ columnae’ 
is  situated  at  the  angle  between  the  septum  and  the  thin  outer 
wall  of  the  ventricle.  The  right  ventricle  extends  nearly  to  the 
apex  of  the  heart  in  the  Wombat;  but  falls  short  of  that  part  in 
the  Kangaroo.  The  ventricle  is  continued  in  a conical  form, 
somewhat  resembling  a ‘ bulbus  arteriosus,’  to  the  origin  of  the 
pulmonary  artery, y,  figs.  401  and  402,  and  projects  beyond  the 
general  surface  of  the 
heart  further  than  in  or- 
dinary Mammalia.  The 
appendix  of  the  left  au- 
ricle is  notched  in  the 
Kangaroo  to  receive  the 
apex  of  this  process,  but 
not  in  theAVombat.  Two 
pulmonary  veins,  i,  fig. 

403,  terminate  close  to- 
gether, or  by  a sbigle 
trunk,  at  the  upper  and 
dextral  angle  of  this  au- 
ricle. The  mitral  valve 
is  radiated  by  two  short 
and  thick  mammillary 
columnae,  ib.  k,  k,  which 
send  tlieir  tendinous 
chords  to  the  margin 
and  ventricular  surface 
of  the  valve. 

The  ventricles  and 
auricles  present  the  usual  Mammalian  proportions  and  relative 
thickness  of  the  parietes.  Three  sigmoid  valves  are  situated  at 
the  origin  of  the  pulmonary  artery,  and  the  same  number  at  that 
of  the  aorta.  v 

B.  Heart  of  Lissencephala. — In  most  species  of  this  subclass' 
the  right  auricle  shows  the  modifications  resulting  from  the  return 
of  the  blood  thereto,  as  in  J.yencephala,  by  two  distinct  prccavals, 
of  which  the  left  opens  alongside  the  postcaval  into  the  lower 
(sacral)  part  of  the  auricle,  as  in  figs.  401,402.  In  the  Por- 
cupine a large  ‘ Eustachian  ’ fold  is  on  the  auricular  side  of  the 


403 


Heart  of  lb*  Wombat. 


' Caprvmfa  U an  exception,  among  the  U'tdenU : at  U-ast  in  the  specimen  I dis- 
•ected,  Ihe  blood  from  the  bead  and  tore-brnba  intend  the  aoricle  bjra  single  precaral 
vein.  exxx*.  p.  72. 
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postcaval  aperture,  and  a slight  ridge  indicates  the  remains  of  the 
upper  fold,  fonning  the  boundary  of  the  ‘ sinus  venosus.’  In  the 
great  Anteater  I observed  that  the  resemblance  to  the  auricular 
vah  c in  Reptiles  was  rather  closer : — the  entry  of  the  jKjstcaval 
was  guarded  as  usual  by  the  Eustachian  valve,  or  homologuc  of 
the  lower  of  the  two  semilunar  valves  between  the  sinus  and  the 
auricle  in  the  Crocodile  (vol.  i.  fig.  339):  and  here  there  was 
also  a narrower  valvular  fold  or  ridge  on  the  opposite  side  of  the 
postcaval  orifice,  answering  to  the  second  valve  (ib.):  a ridge  is 
continued  from  both  valves  toward  the  opening  of  the  precuval.  In 
the  Elephant,  also,  which  shows  its  roilent  affinity  in  the  two  pre- 
cavals,  there  is,  besides  the  ‘ Eustachian  ’ between  the  orifices  of 
the  jKistcaval  and  left  prccaval,  a remnant  of  the  upper  valve  ex- 
tending from  the  posterior  side  of  the  orifice  of  the  right  prccaval. 

The  inner  surface  of  the  right  ventricle  is  smooth  and  even, 
little  broken  by  trabeculae,  in  Rodents  and  other  Lissencephnln. 
Two  or  three  slender  ‘ mammillary  columns  ’ send  tendinous 
chords  to  the  tricuspid  valve  in  the  Porcupine  and  Hare.  The 
apex  of  the  heart  is  sub-bifid  in  the  Hare  and  Acouchi : it  is  simj>le 
and  obtuse,  with  the  ventricles  broader  and  rather  flattened  from 
before  backward,  in  the  Beaver:  it  is  relatively  longer  and  less 
obtuse  in  the  Water-vole  : in  neither  of  the  aquatic  Rodents  arc 
the  foramen  ovale  or  ductus  arteriosus  kept  patent.  In  most 
Rodents  the  right  ventricle  reaches  to  the  aj>ex : in  Ilehimys 
it  even  descends  lower  than  the  left  ventricle.  The  heart  is  short 
and  obtuse  in  the  Sloths:  the  auricles  almost  cover  the  basal 
part  of  the  ventricles  : the  pericardium  adheres  to  the  diaphragm 
by  loose  cellular  tissue,  and  the  thoracic  part  of  the  postcaval 
is  short.  The  pericardium  is  not  so  attached  in  the  Armadillos, 
and  the  heart  is  more  oblong  in  shape,  with  the  apex  more 
sinistrad  : the  lower  third  forming  the  apex  is  due  wholly  to 
the  left  ventricle,  from  the  basal  part  of  which  the  right  ven- 
tricle projects,  like  an  appendage,  in  Dnxypus  Peha.  Orycteropus 
has  the  Eustachian,  but  not  the  Thebesian,  valve:  the  muscular 
walls  of  the  left  ventricle  are  four  times  thicker  than  those  of  the 
right ; but  arc  almost  smooth  internallj’.  With  an  unusual 
thoracic  convexity  of  the  dia])hragm,  in  the  Mole,  is  associated  a 
less  symmetrical  position  of  the  heart  than  in  other  Lissence- 
])halans.'  The  tenuity  of  the  pericardium  is  a characteristic  of 
many  Insectivora  : notably  of  the  Hedgehog. 

C.  Jlenrt  of  Ci'farea. — In  these  marine  and  fish-like  Mammals 
the  heart,  like  the  brain,  shows  higher  characters  than  in  the 
preceding  subcla.sscs.  The  pericardium  extends  down  upon 

' cxxii'.  tom.  iv.  p.  486. 
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the  abdominal  muscles  to  reach  the  diaphragm,  which  has  a like 
low  position  anteriorly,  to  which  it  adheres  broadly  : and  the 
precavals  unite  and  terminate  in  the  auricle  by  one  orifice; 
the  thoracic  part  of  the  postcaval  is  very  short.  The  musculi 
|>ectinati  are  well  developed  in  the  right  auricle,  and  the 
ap|>endix  is  distinct,  but  undivided.  The  fossa  ovalis  is  feebly 
marked  in  the  Cachalot,  is  deeper  in  some  Dclphinida;,  but  in  all 
Cetacea  \t  is  closed:  there  are  neither  Eustachian  nor  coronary 
valves.  In  the  Cachalots  and  hales  the  ventricular  mass  is 
suWepressed  and  semicircular,  the  aj)ex  being  roundc<l  or  rather 
flattened,  and  sometimes  indented  ; for  the  right  ventricle  is  co- 
extensive with  and  sometimes  terminates,  a-s  in  the  Mammalian 
embryo,  distinctly  from  the  left.  In  Phocann  and  most  Del- 
phinida;,  the  apex  of  the  ventricle  is  simple  and  better  marked. 
The  movable  wall  of  the  right  ventricle  has  about  half  the 
thickness  of  that  of  the  left,  showing  the  exercise  of  greater  force 
in  propelling  the  bl<x>d  through  the  lung,  than  in  land  Mammals. 
The  tendons  of  the  tricuspid  valve  go  to  three  short  and  thick 
columns  in  most  Cetacea  ; but  the  rest  of  the  inner  surface  is 
broken  by  strong  trabecular  bands.  Hunter  notes  the  soft 
yielding  substance  of  the  semilunar  valves  in  the  IhiperoMon  he 
disscctetl,  suggesting  that  they  were  naturally  less  strong  than 
in  land  Mammals.'  The  left  auricle  is  less  than  the  right,  with 
many  well-<lefined  muscular  columns  on  the  inner  surface,  and 
a distinct  ap|)cndix  ; but  is  less 
fleshy  than  the  right  auricle. 

In  the  left  ventricle  both  tra- 
becular and  mammillary  forms 
of  muscular  processes  of  the 
inner  surface  are  numerous. 

The  most  striking  feature 
in  the  anatomy  of  Whales  is 
the  vast  size  of  their  several 
organs  : the  heart  may  be  more 
than  a yard  in  transverse  dia- 
meter, and  not  much  less  in 
length. 

D.  Heart  of  Sirenia. — The 
outwanl  division  of  the  ventri- 
cles indicated  in  some  Cetacea 
is  carried  to  an  extent  very  characteristic  of  the  present  group : 
but  in  Ithjtina  and  Manatm  the  cleft  is  not  quite  so  deep  as  in 
the  heart  of  llalicore,  fig.  404. 

' cixxvi.  ii.  ji.  1 1 1. 
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lu  half-grown  specimens  of  Dugong'  I found  the  foramen 
ovale  completely  closed,  and  the  ductus  arteriosus  reduced  to  a 
thick  ligamentous  chord,  permeable  only  for  a short  distance  by 
an  cyc-probe  from  the  aorta,  where  a crescentic  slit  still  repre- 
sented the  original  communication.  In  the  smoothness  and 
evenness  of  their  exterior,  and  their  general  form,  the  auricles  of 
the  Dugong,  ib.  a,  d,  resemble  those  of  the  Turtle  ( Cftelone,  vol.  i. 
fig.  335):  the  appendix  can  hardly  be  said  to  exist  in  either. 
The  right  auricle,  a,  is  but  little  larger  than  the  left,  e:  the 
inusculi  pectinati  are  well  developed,  esjiecially  in  the  left : they 
are  irregularly  branched,  and  with  many  of  the  small  round 
fasciculi  attached  only  by  their  two  extremities  to  the  auricular 
])arictes.  There  is  but  one  precaval  and  one  postcaval  orifice  in 
the  right  auricle,  with  a smaller  coronary  inlet.  The  pulmonary 
veins  terminate  in  the  left  auricle  by  a common  trunk  one  inch  in 
length.  The  free  wall  of  the  right  ventricle  scarcely  exceeds 
at  any  part  a line  in  thickness,  and  is  in  many  places  even  less. 
The  tricuspid  valve  is  attached  to  three  fleshy  columns  by  chord® 
tendineaj  given  off  from  the  sides  and  not  the  extremities  of  those 
columns,  both  of  which  extremities  are  implanted,  as  trabecul®,  in 
the  walls  of  the  ventricles.  There  are  several  other  column® 
came®  passing  freely  from  one  part  of  the  ventricle  to  another, 
like  the  musculi  pectinati  of  the  auricles,  and  which  have  no  con- 
nection with  the  tricuspid  valve.  The  mitral  valve  is  adjusted  to 
its  office  by  attachments  to  two  short  and  transversely  extended 
maimnillary  column®.  The  thickness  of  the  parietes  of  the  left 
ventricle  varies  from  half  an  inch  to  an  inch.  The  valves  at  the 
origins  of  the  great  arteries,  c,/,  present  the  usual  stmeture. 

E.  Heart  of  Uiiffulata. — In  all  hoofed  beasts  the  ventricles  are 
conical ; the  apex  being  longer  and  shaq)er  in  Ruminants  than  in 
most  other  Mammals.  The  auricles  are  relatively  smaller  to  the 
ventricles  than  in  the  j)reccding  groups.  The  three  parts  of  the 
tricuspid  valves  are  distinct  from  their  confluent  bases,  and  are 
jwinted  at  the  apex ; the  biisal  union  of  the  two  parts  of  the 
mitral  valve  is  of  a greater  extent,  forming  there  an  annular 
valve  about  the  left  auriculo-ventricular  opening.  The  smooth 
inner  surface  of  the  ventricles  is  but  little  interrupted  by  fleshy 
columns.  The  Horse  resembles  the  Ruminant  in  the  general 
shape  and  structure  of  the  heart : but  in  the  Tapir*  it  is  shorter 
and  broader,  as  it  is  in  the  Rhinoceros*  and  Elephant.  The 
right  auricle  in  the  lihinoceros,  as  in  most  Ungulates,  has  but 
one  precaval  orifice,  and  shows  no  valve  at  the  termination  o£ 
' cxTii".  p.  3A.  • cui".  • t''.  p.  46. 
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either  the  postcaval  or  coronary  veins:  the  contrast  presented 
by  the  Elephant,  in  this  respect,  is  significant.  The  strong 
chorda;  tendineae  of  the  tricuspid  connect  it,  in  most  Ungulates, 
with  three  obtuse  and  transversely  oblong  carnca;  columna; : one 
rising  from  the  movable  wall,  a second  from  the  septum,  and  a 
third  smaller  one  from  the  anterior  interspace  between  the  fixed 
and  movable  walls:  the  tendons  diverge  from  each  column  to 
the  two  contiguous  moieties  of  the  divisions  of  the  tricuspid — a 
provision  ensuring  the  simultaneous  action  and  outstretching  of 
the  three  portions  of  the  valve.  Two  smaller  columns  placed 
opposite  to  each  other,  one  on  the  free,  the  other  on  the  fixed 
wall,  are  connected  in  the  Rhinoceros  and  many  other  Ungulates, 
by  a single  strong  tendon  passing  across  the  cavity  from  the  apex 
of  one  to  the  other.'  In  the  Hog  some  of  the  tricuspid  tendons 
pass  to  a thick  short  ‘ column  ’ projecting  from  the  free  wall, 
others  pass  directly  into  the  smooth  convex  fixed  wall  of  the 
ventricle. 

In  most  Ruminants,  especially  the  larger  kinds,  there  is  a bent 
bone  at  the  base  of  the  heart,  on  the  septal  side  of  the  origin  of 
the  aorta,  and  imbedde<l  in  the  tendinous  circle  which  gives 
attachment  to  muscular  fibres  of  the  ventricle ; in  the  Giraffe 
this  bone  was  two-thirds  of  an  inch  in  length.  Two  such  ossifi- 
cations of  the  sclerous  tissue  have  here  been  met  with  in  Oxen  and 
Red-deer:  an  ossified  and  an  uuossified  piece  of  fihro-carfilage 
are  more  commonly  observed : in  the  Horse  these  bodies  at  the 
septal  side  of  the  aortic  ring  are  rarely  ossified  until  extreme 
age. 

F.  Heart  of  Carnivora, — In  the  present  group  the  heart  is  more 
obtuse  at  the  apex,  and  the  left  ventricle  forms  a greater  share 
thereof,  than  in  Ungulates.  The  Eustachian  valve  is  wanting  in 
most  Carnivora-,  where  indicated,  its  remains  have  been  found  in 
the  smaller  kinds,  as  the  Weasel,  Polecat,  Ichneumon,  which  by 
their  size  resemble  the  immature  of  the  larger  species.  The 
inner  surface  of  the  ventricles,  especially  the  right,  is  more  fasci- 
culated, and  the  number  of  carnca;  columna;  is  greater  than  in 
Ruminants.  A condensation  of  the  sclerous  tissue  of  the  aortic 
ring  in  the  Lion  and  Tiger,  at  two  points,  indicates  the  homologues 
of  the  heart-bones  in  Ungulates.  In  these  and  other  Felines  the 
mammillary  columns  are  continued  from  the  septal  end  of  a strong 
trabecular  tract  between  the  ‘ fixed  ’ and  ‘ free  ’ walls  of  the  right 
ventricle.  The  heart  in  Phocidee  is  broad  and  somewhat  flattened, 

' I hare  not  found,  in  Kiiminant«,  so  cxdufiire  nn  origin  of  the  mammillarj  columns 
from  the  * free’  or  external  wall,  afl  desoriln^d  in  cx:xxxix.  t.  iii.  p.  502,  after  ci.xxxv". 
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with  an  obtuse  apex : the  appendix  of  the  right  auricle  is  bifid, 
one  process  covering  the  origin  of  the  pulmonary  artery,  the  other 
lying  ujxjn  the  right  ventricle.  The  auricular  septum  seems  to 
be  formed  by  an  extension  of  the  left  part  of  the  wall  of  the 
anterior  cava,  terminating  in  an  arch  to  the  right  of  the 
postcaval  orifice,  which  thus  seems  to  open  (as  it  did  in  the 
embryo)  into  the  left  auricle.  In  the  younger  of  two  Seals, 
{Phocfi  vituUna),  which  I dissected,'  the  valve  that  cuts  off  this 
original  communication  between  the  auricles  was  incomplete,  and 
left  a large  ‘foramen  ovale:’  in  the  older  Seal,  not  full  grown, 
the  ‘ valvula  foraminis  ovalis  ’ was  complete  ns  to  its  extent,  and 
the  margins  were  adherent,  save  at  the  upper  jwirt  where  an  oblique 
ajierture,  admitting  a goose-quill,  remained.  In  a young  Walrus,* 
the  entire  margin  of  the  valve  was  adherent,  and  there  was  no 
intercommunication  between  the  right  and  left  sides  of  the  heart. 
A broad  crescentic  fold,  hwking  downward,  divides  the  sinus,  or 
fossa,  receiving  the  prccaval  vein  from  the  larger  and  deeper  one 
receiving  the  postcaval  one : this  fold  answers  to  the  upper  Ixirder 
of  tlie  ‘fossa  ovalis  ’ in  the  human  heart ; there  is  no  orifice  in  the 
‘ fossa  ’ communicating  with  the  left  auricle.  There  is  a small 
semilunar  valve  at  the  coronary  orifice,  but  no  Eustachian  valve. 
The  appendix  of  the  auricle,  in  J>/cAecA»M,  extends  in  front  of  the 
base  of  the  aorta  as  far  as  the  pulmonary  artery,  gradually  con- 
tracting to  an  obtuse  jwint : in  Cystophora  pro!>oscidea  the 
auricular  appendix  is  short,  broad,  and  bifid  ; in  l>oth  it  is  occu- 
pied by  a reticular  arrangement  of  carnea;  columnar.  The 
ventricles  are  broader  in  proportion  to  their  length,  and  the  apex 
is  not  prixluced  in  Trichechug,  as  in  Cystophora  prottoscidra  •.  the 
tendinous  cords  of  the  anterior  division  of  the  tricuspid  valve,  and 
a few  of  those  of  the  right  or  external  division,  are  attached  to  a 
short  and  thick  fleshy  column  from  the  free  wall  of  the  ventricle; 
this  column  is  connected  by  a short  and  thick  ‘ trabecula’  with 
the  septum  : most  of  the  other  tendinous  cords  are  attached  to  the 
septum,  and  a few  to  trabecula;  connecting  that  fixe<l  wall  with 
the  free  wall  of  the  ventricle.  The  juilmonary  artery  presents  no 
peculiarity ; it  is  connected  by  the  ligamentous  remnant  of  the 
‘ ductus  arteriosus,’  which  is  10  lines  long  and  5 lines  in  diameter, 
to  the  under  part  of  the  aortic  arch,  just  beyond  the  origin  of 
the  left  subclavian  ; its  cavity  is  obliterated,  but  a short,  thick, 
semilunar  fold  of  the  lining  meinbrane  of  the  aorta,  witli  its 
concavity  turned  toward  the  end  of  the  arch,  indicates  the  place 
Ilf  the  funner  fcctal  cumiiiuiiicating  channel. 

‘ ca.Ti'.  p.  162,  ’ ixn".  p.  104. 
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G.  Heart  of  Qnadrumana. — tn  the  Aye-aye,  as  in  other  Le- 
muridae,  the  heart  is  rounded,  subdepressed,  with  a very  obtuse 
apex;  much  resembling  that  of  the  four-montlis  firtus  in  Man  : 
the  right  auricle  is  much  larger  than  the  left : it  receives  the 
blood  by  a single  prccaval,  by  the  |>ostcaval  and  coronary  veins. 
There  are  both  Eustachian  and  Thebesian  valves,  and  a well- 
marked  fossa  and  annulus  ovalis.  These  also  characterise  the 
right  auricle  in  higher  QuaJriimana.  The  carneae  column®  and 
chord®  tendine®  are  more  numerous  in  the  right  ventricle  of 
ilonkeys  and  Baboons,  relatively,  than  in  Man:  the  divisions  of 
the  tricuspid  terminate  in  a broad  and  rounded  margin  ; that  next 
the  orifice  of  the  pulmonary  artery  being,  as  usual,  the  largest. 
In  the  left  ventricle  the  column®  came®  are  numerous  and  small, 
giving  a strongly  reticulate  character  to  the  inner  surface. 

The  pericardium,  which  has  a limited  adhesion  to  the  diaphragm, 
opj)osite  the  apex  of  the  heart,  in  Lemurs,  progressively  becomes 
less  perpendicular  in  the  thorax  as  the  Quadrumana  rise  in  the 
scale,  with  concomitant  shortness  of  the  thoracic  jx>st-cava,  and 
increasing  extent  of  adhesion  of  the  pericardium  to  the  dia- 
phragm : but  in  none  is  the  heart  so  broad  at  the  base,  so  flattened, 
or  so  e.xtensively  supported  by  the  diaphragm,  as  in  Man. 

H.  Heart  of  Dimana. — In  the  prone  trunk  of  quadru[>eds  the 
j)cricardium  adheres  to  the  sternum,  rarely  to  the  diaphragm  ; in 
erect  bij>eds  the  connections  are  reversed  : no  Mammal  has  so 
large  a proportion  of  the  heart  resting  u[Mm  the  diaphragm  as 
Man,  where  the  central  aponeurosis  is  concomitantly  expanded 
for  the  attachment  of  the  intervening  part  of  the  pericardium. 
Here  the  heart  lies  oblicjuely,  not,  as  in  most  Mammals,  ]>arallel 
with  the  mesial  plane : the  apex,  less  acute  than  in  Kuminants, 
and  less  obtuse  than  in  aquatic  Mammals,  is  directeil  downwanl, 
forward,  and  to  the  left,  notching  the  anterior  margin  of  the  lel't 
lung,  and  beating  across  the  interval  between  the  cartilages  of  the 
fifth  and  sixth  left  ribs.  The  apjK-ndix  of  the  right  auricle  has 
one  undivided  apex,  extending  over  the  origin  of  the  aorta  to  that 
of  the  pulmonary  artery.  The  single  prccaval  terminates  at  the 
upj>er  part  of  the  auricle  on  a plane  anterior  to  that  of  the  |)ost- 
caval,  which  is  at  the  lower  part:  from  the  anterior  margin  of 
this  orifice  is  continued  the  valvular  fold  called  ‘ Eustachian,’ 
which  is  often  reduced  in  substance  to  a filmy  network,  or  may  be 
wanting : between  the  jiostcaval  orifice  and  that  leading  to  the 
ventricle  is  the  oj®ning  of  the  wjronary  vein,  with  its  valve : 
alx)ve  the  Eustachian  valve  is  the  dejtression,  ‘ fossa  ovalis,’  indi- 
cative of  the  closed  oval  intercommunicating  vacuity  in  the 
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septum  of  the  foetal  auricles ; bounded  above  by  the  prominent 
crescentic  border,  or  ‘ annulus  ovalis.’  The  opening  into  the 
ventricle  is  bordered  by  a sclerous  oval  ring,  to  whieh  muscular 
fibres  of  both  auricle  and  ventricle  are  attached ; the  ring  being 
thicker  for  the  latter. 

In  the  Human  right  ventricle  the  portion  of  the  tricuspid  valve 
nearest  the  orifice  of  the  pulmonary  artery  is  the  largest,  and  is 
divided  by  deeper  notches  from  the  two  smaller  portions  than 
these  are  from  each  other:  the  chordae  tendineaj  from  each 
columna  carnea  are  inserted,  generally  into  the  contiguous  borders 
of  two  portions  of  the  valve : the  muscular  prominences  of  the 
inner  surface  of  the  ventricle  have  cither  their  inner  or  central 
surfaces  free,  or  are  free  in  the  circumference  of  their  middle  part 
but  attached  at  both  ends,  like  beams  (trabecula*),  or  they  project 
freely  in  a conical  form,  as  ‘ columna;  mammillarcs : ’ they  are 
least  developed  in  the  conical  prolongation  of  the  cavity,  (infundi- 
bulum, conus  arteriosus),  from  the  apex  of  which  the  pulmonary 
artery  arises.  The  arterial  orifice  of  the  ventricle  is  formed  by 


right  ventricle,  cuxxxvii".  Rlgniold  vxivc*,  right  rent rlrle.  cl.xxxtii**. 


sclerous  tissue,  which  a dissector  may  define  as  a ring,  fig.  405, 
disposed  in  three  crescentic  curves,  with  the  convexities,  a,  a, 
toward  the  ventricle,  and  the  blended  horns,  d,  h,  projecting 
towaril  the  artery  : the  ring  is  represented  as  cut  through  at  one 
of  these  joints  of  eonfluence,  e,  e,  in  order  to  its  being  spread  out. 
Muscular  fibres  of  the  right  ventricle,  f,  f,  are  attache<l  to  the 
convexities  of  the  ring ; the  fibrous  coat  of  the  artery  is  attached 
to  the  outer  margin,  the  sigmoid  valves,  fig.  406,  a,  a,  to  the 
inner  margin,  of  the  ujiper  or  arterial  surfaee  of  the  concavities 
whieh  owe  their  definition  to  the  junction  of  the  endocardium  to 
such  valvular  attachments.  The  right  ventricle  continues  to  show, 
in  Man  as  in  other  Mammals,  the  same  relation,  as  an  ajipend- 
age  to  the  left,  which  is  illustrated  in  the  section  of  the  Bird’s 
heart,  vol.  ii.,  fig.  92,  forming,  as  so  seen,  a concave  parabolic 
section  of  n cone,  applied  to  the  more  perfect  cone  of  the  left 


Digitized  by  GoOglc 


HEART  OF  BIMANA. 


5-27 


ventricle : but  the  walls  arc  relatively  thicker  to  those  of  the 
left  ventricle  than  in  Birds. 

The  left  auricle,  figs.  408  and  409,  X.A,  lies  to  the  left  and 
back  part  of  the  base  of  the  heart,  is  transversely  oblong  and 
subquadrate  behind ; its  auricular  appendage  comes  forward  into 
view  curving  to  the  right,  upon  the  base  of  the  pulmonary  artery. 
The  walls  of  the  ‘ sinus  venosus  ’ are  thicker  than  those  in  the 
right  auricle : the  terminal  orifices  of  the  pulmonary  veins, 
usually  one  on  each  side,  sometimes  two  on  the  right  and  one  on 
the  left,  are  undefended  by  valves : on  the  septum,  the  foetal 
foramen  is  feebly  indicated  by  a crescentic  depression.  The 
opening  into  the  left  ventricle  is  smaller  than  the  right  auriculo- 
ventricular  one  : it  is  defended  by  the  pair  of  triangular  folds  of 
endocardium,  called  the  ‘ bi- 
cuspid ’ or  ‘ mitral  ’ valve. 

Of  these  the  largest,  fig. 

407,  a,  hangs  between  the 
auricular  and  aortic  orifices, 
and  is  in  part  reflected  from 
the  sclerous  ring  of  the  lat- 
ter : a small  fold  commonly 
also  projects  at  each  angle 
of  junction  of  the  larger 
folds.  The  chief  conical 
‘ columna;  ’ are  two  in  num- 
ber, and  larger  than  those 
of  the  right  ventricle ; their 
apices  are  shown  at  fig.  407, 
p,  p,  each  contributing  tendinous  cords  to  the  portion  of  the  mitral 
valve,  «.  The  distribution  of  the  chorda;  tendineoe,  from  each 
column  to  contiguous  borders  of  the  two  parts  of  the  mitral,  ob- 
viously illustrates  the  adaptation  to  bring  those  margins  together 
in  the  contraction  of  the  ventricle.  The  semilunar  valves  at  the 
aortic  orifice,  ib.  d,  are  thicker  than  those  of  the  pulmonary 
artery,  the  ‘ Valsalval  sinuses,’  e,  are  deeper,  and  the  ‘ corpora 
arantii  ’ larger ; the  muscular  walls  of  the  left  ventricle  are  about 
three  times  thicker  than  those  of  the  right : some  of  the  inner 
longitudinal  fibres,  ib.  b,  are  attached  to  that  part  of  the  aortic 
ring,  not  preoccupied  by  the  larger  mitral  fold,  a.  The  left 
ventricle  is  longer  and  narrower  than  the  right  and  alone  forms 
the  apex : the  two  large  mammillary  columns  occupy  the  lower 
three-fourths  of  the  cavity,  rising  in  its  axis ; the  fibres  radiate 
from  their  base  and  wind  round  the  axis,  being  progressively 


407 


SomiluoAr  taItc*  ■n<l  portion  of  mitral  v»lvc,  k*U 
v«nirlrle.  CLXXXvii". 
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sent  off,  so  that  few  reach  the  apex  of  the  column  : but  the  mould- 
ing of  the  ventricle  about  these  is  not  the  cause  of  the  conical 
figure  of  the  heart,  since  this  obtains  where  no  such  mammillary 
columns  are  present.  (Vol.  i.  figs.  334-340.) 

The  heart  is  linc<l  by  a membrane,  ‘ endocardium,’  rather 
thicker  and  more  op.aque  in  the  left  than  in  the  right  cavities, 
especially  in  the  auricle:  thinnest  on  the  muscular  projections, 
both  j)ectinate  and  columnate.  The  chief  layer  consists  of  a close 
network  of  elastic  fibres,  lined  by  a stratum  of  polygonal  e|)ithe- 
lial  scales,  constituting  the  free  surface ; and  attached  by  an 
areolar  tissue  to  the  muscular  coat.  This  is  covered  by  the 
reflected  serous  layer  of  the  heart-bag,  called  ‘ cctocardium.’ 

The  dis])osition  of  the  intervening  muscular  fibres  has  been  best 
illustrated  in  relation  to  the  human  heart.  Those  of  the  auricles 
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form  a superficial  layer, 
fig.  408,  common  to  both 
cavities,  and  also  a deep 
layer,  fig.  409,  proper  to 
each. 

The  superficial  layer 
includes  the  transverse 
band  of  fibres,  fig.  408,  i), 
expanding  as  it  passes  to 
the  right,  RA,  and  left,  la, 
auricles.  The  deeper  fibres 


appear  at  the  parts  not  covered  by  the  superficial  ones.  Some,  ii, 
arising  from  the  ‘ annulus  aorticus,’  k,  k,  arch  over  the  auricle,  be- 
neath D,  contributing  some  fibres  to  the  septum,  at  s : other  arched 
or  ‘ looped’  fibres,  F,  curve  over  the  auricles  and  are  attached  by 
both  extremities  to  the  auriculo-veutricular  rings  AV  and  aa  : a 
third  scries,  c,  surround  the  auricular  appendages,  aa,  and  encircle 
the  terminations  of  the  superior,  cs,  and  inferior.  Cl,  venae  cava?. 

The  winding  or  convolute  disposition  of  these  so-called  ‘ an- 
nular fibres’  is  exemplified  in  fig.  409.  The  superficial  and 
deep-seated  fibres  arc,  however,  continuous,  at  parts  of  their 
course  : those  marked  E,  fig.  408,  of  the  former  series,  wind 
round  the  left  auricle  la,  and  arc  continuous,  with  some  inter- 
vening attachment  to  the  aortic  root  K,  with  the  ascending  band 
F : a posterior  band  is  showm  at  G,  fig.  409,  passing  over  the  left 
auricle  la,  and  along  the  posterior  border  of  the  appendix  A : 
some  of  the  fibres,  on  reaching  the  anterior  border,  quit  tbe 
band  G,  to  join  the  fibres  d forming  the  apex  : other  detachments 
from  the  band  </,  encompass  the  terminations  of  the  pulmonary 
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veins,  p,  p.  Like  the  muscular  fibres  of  the  ton"uc,  those  of  the 
heart  are  not  visibly  connected  together  by  areolar  tissue;  such 
connective  medium,  in  the  degree  in  which  it  may  exist,  can  only 
be  inferred  through  the 
help  to  unravelling  gained 
by  boiling  the  heart.  The 
more  obvious  mode  of 
connection  is,  as  in  the 
tongue,  by  reciprocal  de- 
cussation or  interlocking. 

In  the  ventricles  the 
longer  external  fibres, 
e.  g.,  wind  upward  round 
the  apex  and  bend  down- 
ward from  the  auricular 

, ...  ..  ..t  6a{«r8ci«J  wrlcuUr  fibres.  cLXXXtiu* 

and  artenal  iings  at  the 

base,  to  become  internal,  and  so  inclose,  and,  at  the  same  time 
contribute  to  form, 
wise,  having  similar 
successively  inclose. 

Evidence  of  a stra- 
tified disjMsition  is, 
however,  progres- 
sively narrowed,  or 
shown  by  smaller 
tracts  of  conforma- 
ble course  of  fibres, 
as  these  arc  removed 
in  dissection  from 
without  inward. 

In  the  superficial 
ventricular  layer 
they  have  a sub- 
spiral course,  de- 
scending, in  the  fore 
j>art  of  the  ventri- 
cles, fig.  410,  to  the 
left,  and  on  the  back 
part  to  the  right,  being  partially  iuterruj)ted  at  the  Interventri- 
cular grooves,  of  which  the  anterior  is  shown  at  tt.  Those  which 
cross  the  groove  bridge  over  the  coronary  vessels ; those  which 
l»cnctrate  it  curve  upward  and  contribute  to  the  right  layer  of  the 
septum,  and  so  help  to  encompass  the  right  ventricle.  The  super- 

VOL.  III.  M M 


the  shorter,  interposed  loops ; these,  likc- 
relatious  to  the  layers  of  fibres  which  they 
410 


HaiH-rllctal  vc-utrirulsr  fibre* : fruut  view,  ti.xiivii’'. 
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Apical  or  TorUral  fll>rr«i,  Ilurean  heart. 
rLtxxvn". 


ficial  layer  gains  in  thickness  as  it  approaches  the  apex,  a,  where 
the  course  of  the  fibres  to  the  inner  surface  of  the  ventricles  is 
well  expressed  by  the  term  ‘ whorl  ’ or  ‘ vortex,’  fig.  411. 

Those  from  the  fore-part  of  the  heart,  d,  e,f,  enter  the  apex 

posteriorly;  those  from  the  back 
part  of  the  heart,  h,  enter  it  an- 
teriorly, at  a.  The  curved  margin 
of  the  entering  anterior  fibres,  c, 
is  left  entire  in  successive  sections 
of  the  ajwx  of  the  left  ventricle, 
until  that  of  the  right  ventricle  is 
reached,  when  a more  complex  ar- 
rangement appears.  Most  of  the 
entering  fasciculi  form  the  inner- 
most layer  of  almost  longitudinal 
fibres  of  the  ventricular  cavities ; 
others  are  continued  into  the 
trabecular  and  mammillary  pro- 
cesses. 

By  reflecting  the  superficial  layer  to  its  attachments  or  points 
of  inflection  at  the  apex,  a,  and  at  the  base,  h,  fig.  412,  the 
second  layer  is  exposed ; which  is  partly  formed  by  fibres 
412  ascending  from  the  interior 

of  the  right  ventricle,  Cacc, 
emerging  at  the  posterior 
coronary  tract,  pet,  and 
receiving  accessions  from 
the  aortic  and  auricular 
rings.  The  fibres  of  this 
layer,  d,  take  an  opposite 
course  from  those  of  the 
first,  h,  c.  A third  layer 
repeats  the  general  disposi- 
tion of  the  superficial  one  ; 
but  a larger  proportion  of 
the  fibres  serve  a single 
ventricle,  especially  at  the 
apex,  cue.  Many  fibres 
of  this  layer  are  derived  from,  or  are  continuetl  into,  the  middle 
layer  of  the  septum,  from  which,  as  at  fig.  41.1,  A,  the  layer  has 
I)ccn  cut,  and  reflected,  at  a 2,  cue,  exposing  the  distribution 
of  the  internal  layers,  about  each  ventricle  exclusively,  as  at  rv 
and  /,  fig.  413. 


MiiMaycri*  itf  hrart  niirc*  ; hnck  rlcw.  CLXXXViii'*. 
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The  interruption  of  such  deep  layers  is  frequent,  both  by  change 
of  direction,  as  at  4;  and  by  the  decussation  of  fibres  to  form  the 
great  mammillary  columns,  as  shown  in  the  section  of  such  at  cc, 
fig.  413.  The  right  layer 
of  septal  fibres,  though 
continuous  mainly  with 
the  parietal  fibres  of  the 
right  ventricle,  curve  with 
their  concavity  toward  the 
left  ventricle,  and  aid  in 
its  compression,' 

A conception  of  the 
plan  of  arrangement  of 
the  muscular  fibres  of  the 
ventricles  may  be  helped 
by  the  diagram,  fig.  414. 

The  course  of  the  superficial  fibres,  round  both  ventricles,  is 
indicated  by  the  band,  Crc.VA.r,  from  the  arterial  rings  over  the 
fore  part  of  the  ventricles,  414 

and  by  the  band  Cacc,  over 
the  back  part : both  combine 
to  form  the  whorl  CRC  and 
R,  and  gain  the  interior  of 
the  ventricles  fonning  the 
septum,  s,  and  the  came® 
column®,  cc : the  deeper 

layers  surrounding  the  left 
ventricle,  Lv,  are  indicated 
at  RR,  CpcaaaaC,  and 
Cpca.  Traced  from  within 
outward,  the  fibres  from  the 
funicular  fasciculus  or  ‘rope,’ 

R,  combine  with  others  con- 
tinued from  the  two  great 
came®  column®,  cc,  of  the 
left  ventricle,  LV,  to  fomi 
the  inner  series,  CRC,  which, 
twining  round  the  ape.x,  ,.f  vr„>rir„am..r..; 

close  the  ventricular  cavity,  !.««,  mnwnr. 

and  become  superficial : then  sweej)ing  spirally  from  left  to  right 
divide  into  two  bands : the  longer  one  first  encircles  the  left  ven- 


• The  6brc9  of  the  heart  have  attachmont.s  to  fixot!  points  in  parts  of  their  coxirst*, 
rather  than  at  definite  b<»^’nning8  or  endings:  and  ^*ariations  of  de^t*ription  maybe 
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tricle,  as  Cpca  ; then  describes  a second  circle  round  both  ventricles, 
Cpcaa.  The  band  Cacc  passing  down  from  tbe  aorta,  aa,  winds 
over  the  lower  half  of  the  right  ventricle,  RV,  combines  with  the 
apical  spirals,  whence  it  can  be  traced  obliquely  round  the  left 
ventricle  to  terminate  at  the  aortic  circle  near  the  anterior 
coronary  tract  The  septum  ventriculorum  consists  of  three 
strata,  the  left  and  middle  belonging  to  the  left  venti'icle,  the 
right  layer  exclusively  to  the  right. 

The  contraction  of  the  heart-fibres  is  called  ‘ systole,’  their  re- 
laxation ‘ diastole.’  The  parts  of  the  muscular  walls  of  the  heart 
have  different  degrees  of  motion  : the  inner  wall  or  ‘ septum  ’ loses 
length  and  breadth,  but  gains  in  thickness,  during  the  systole : the 
outer  wall  changes  these  dimensions  in  a greater  degree,  with 
changing  relative  position  to  the  heart’s  centre : hence  it  has  been 
termed  the  ‘ movable  ’ wall,  and  the  septum  the  ‘ fixed  ’ one.  The 
mammillary  processes  become  shorter  and  thicker  cones,  and  in 
the  degree  in  which  the  blood  in  the  ventricles  is  compressed 
during  ‘ systole,’  the  valves  are  held  by  the  tendinous  cords 
attached  to  their  free  borders  and  expanding  upon  their  ventri- 
cular surface  more  firmly  against  eversion,  with  reflux  of  blood, 
into  tbe  auricles.  The  position  of  the  semilunar  valves,  on  the 
contrary,  invites  the  flow  of  the  blood  into  the  arteries,  and  forbids 
return.  The  ‘trabecula;’  passing  from  the  ‘ fixed’  to  the  ‘ mov- 
able ’ walls  have  an  analogous  function  as  adding  to  the  resistance 
of  the  latter  against  internal  pressure,  whence  they  have  been 
termed  ‘ moderator  bands.’  ‘ 

§ 348.  Arteries  of  Mammalia. — The  walls  of  the  arterial  tube 
are  so  strong  as  to  maintain  that  form  when  cut  across ; and  so 
elastic  as,  then,  to  retract  some  way  within  the  areolar  or  con- 
nective tissue,  which  surrounds  the  vessel  like  a sheath.  On  the 
inner  surface  of  the  tube  amyline  formifies  ’ as  elliptical  or  irre- 
gularly polygonal  scales,  more  or  less  of  which  show  a further 
stage  of  condensation,  expressed  by  the  term  ‘ nucleate  epithelial 
cell,’  fig.  424.  The  tissue  so  lined  consists  of  a thin  continuous 

proffered  inJefinitely  as  the  observers  arbitrarily  select  such  attachmcDU  under  the 
names  of  ‘originV  and  * insertions.’  The  general  conformity  of  muscular  arningemcnt 
in  the  heart  of  ih^  sheep  is  shown  in  ci.xxxix",  with  that  previously  demoDstnil.^d  in 
the  human  heait,  by  the  author  of  clxxxvii"  anti  clxxxviii";  especially  in  regard  to 
the  continuity  of  certain  external  with  internal  fibres. 

' CLXXXv".  p.  123. 

* 1 use  this  terra  as  the  correlative  of  * ciyhliillises/  signifying  thert-by  the  tendency 
in  dissolved  proteine,  amyline,  or  other  albuminoid  atoms  to  assume  defim*d  size  and 
shape,  under  given  conditions,  lK>th  in  and  out  of  the  living  body;  Rainey  has  sliowu 
bow  such  tendency  or  property  efTects  the  superinduction  of  organic  fonn  upon  crystal  in 
the  formation  of  shell  (ccix");  and  its  effects  are  demonstnvled  more  at  large  in  ocx". 
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sheet  of  pellucid  membrane,  to  which  are  adherent  fine  reticulate 
fibres,  mostly  afiTecting  a longitudinal  direction.  It  is  also  fre- 
quently perforated  with  small  holes,  fig.  415,  a,  a,  from  which 
circumstance  it  is  called  ‘ fenestrate.’  This  homogeneous  mem- 
brane has  the  property  of  rolling  itself  up  in  the  form  of  a scroll, 
somewhat  like  the  elastic  laminse  of  the  cornea.  It  is  strengthened 
in  many  parts  by  longitudinal  anastomos- 

ing  fibres  of  elastic  tissue;  and  together  —^-rr-'TinilTiiirik. 

with  the  epithelial  deposit  forms  the  ‘ inner  “/fV j ( ■ 

coat  ’ of  the  artery.  The  ‘ middle  coat  ’ |[^A  'fffiji 

consists  of  a fibrous  tissue,  circularly  dis-  |jj|!y  K llu|j 

posed,  in  layers  more  numerous  as  may  |jj|||i 

be  the  size  of  the  artery  and  thickness  of  |!!|| 

the  coat,  fenestrate  tissue  intervening ; of  i;’ 

a reddish-yellow,  clearer  when  fresh  than  j ||  ij |1|| 

yellow  clastic  tissue : it  consists  of  bundles  l||lra 

of  slender  fusiform  filaments,  commonly 

nucleate,  with  fine  elastic  fibres  traversing 

them  in  a reticulate  manner.  Acetic  acid 

dissolves  the  chief  substance  of  the  fila-  r<-nMtrBteni«iii.r«nf. 

ment,  and  demonstrates  the  long  staff-shaped  nucleus,  fig.  416,  a, 
and  the  ‘ cell-wall.’  This  ‘ muscular  tissue  ’ predominates  in  the 
smaller  arteries ; of  which,  when  treated  by  soluble  reagents. 


■I  I 


I i p’'’ 


Patlform  Doc]««t«  fllamentf,  or ' raasenUr 
1.  Naiaral.  t.  Treated  with 
■MCicMld.  ccvni**. 


6ma]|  art<Ty  with  anponded  corraarlo, 
from  tho  aplom  of  a PIr  ; treated  with 
•oda,  and  ma^.  UOdlam.  ocriu**. 


the  coats  j)resent  the  appearance  shown  in  the  portion  of  a splenic 
arteriole,  fig.  417,  where  c is  the  outer  coat  with  the  sheath 
of  areolar  tissue,  e the  elastic  inner  coat,  and  d the  dissolved  middle 
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or  muscular  coat.  The  external  coat  consists  of  an  inner  stratum 
of  elastic  fibres,  and  an  outer  one  of  the  same,  blended  with  a 
large  proportion  of  closely-fitted  bundles  of  white  fibres,  identical 
with  those  of  the  areolar  tissue  of  the  arterial  sheath.  By  virtue 
of  the  above-<lescribcd  structures  arteries  posse.ss  not  only  elasti- 
city, but  an  allied  power  of  slow  and  long-enduring  contraction, 
excitable  by  stimulus  of  touch,  cold,  and  electricity  during  life  ; 
ami  lost  after  death. 


In  the  Mammalian  class 

418 


Central  organa  of  circulaUou  In  Man. 


aorta,  fig.  418,  a,  bends  over  the 
left,  not  over  the  right  bronchial 
tube.  The  chief  jirimary  branches 
of  the  arch  are  given  off,  not  im- 
mediately after,  but  at  a little  dis- 
tance from,  its  origin  ; and  there  is 
less  constancy  in  the  order  of  their 
origin  than  in  birds : the  phrenic 
arteries,  the  coeliac  axis,  and  the 
superior  mesenteric  artery  are 
branches  of  the  abdominal  aorta, 
which  terminates,  save  in  Mnti- 
luta,  by  dividing  beyond  the  kid- 
neys into  the  iliac  arteries,  from 
which  usually  spring  both  the 
femoral,  a,  and  ischiadic  branches  : 
the  caudal  or  sacromedian  artery, 
wliich,  in  MiUHata  and  long-tailed 
quadrupeds,  assumes  the  character 
of  the  continued  trunk  of  the  aorta, 
neverdistributes  arteries  to  the  kid- 
neys, rarely  to  the  legs,  as  it  docs  in 
birds.  After  the  arteries  to  the  heart 
(‘  coronaries  ’)  the  aortic  arch  sends 
off  those  to  the  head  (‘carotids’) 
and  to  the  pectoral  limbs  (‘  bra- 
chials’).  I use,  with  Barclay,  the 


latter  term  in  preference  to  those  by  which  Anthropotoniy 
designates  for  surgical  purposes  parts  of  the  same  artery,  as 
where  it  passes  beneath  a clavicle  (as  ‘subclavian’),  or  sinks 
into  the  arm-pit  (as  ‘ axillary  ’)  before  reaching  the  arm.  The 
principal  varieties  in  the  origins  of  the  large  primary  branches 
of  the  aortic  arch,  characteristic  of  Mammalian  genera  or  fami- 
lies, arc  given  in  the  order  of  their  complexity  in  fig.  419. 

In  Tapirine,  Eiiuinc,  Bovine,  and  most  ruminant  Ungulates, 
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the  aorta  sends  off  a large  common  trunk,  a,  b (the  ‘ ante- 
rior aorta’  of  Veterinarians),  which  divides  into  two  brachio- 
carotids,  each  subdividing  after  a longer  or  shorter  course  into 
the  brachial  d or  df,  and  the  carotid  c or  c'  of  its  respective 
side : the  vertebral  artery,  v,  is  given  off  by  the  brachial.  The 
arch  of  the  aorta,  diminished  after  dismissing  h,  is  the  ‘ j>osterior 
aorta  ’ of  Hippotomy  ; and,  indeed,  in  this  variety  the  trunk  of 
the  arterial  system  appears  to  bifurcate  shortly  after  its  origin. 
In  the  Rhinoceros  the  ‘ anterior  aorta  ’ sends  off  the  two  internal 
thoracics,  the  two  brachials,  and  a common  trunk  subdividing  into 
the  two  carotids.'  In  Auchenia,  fig.  419,  B,  the  left  brachial,  d'. 


419 


Origiu*  of  vtcrlM  from  aortic  arch  In  Mammala. 

A,  Ox.  B,  Lama.  C.  Glrafle,  D,  Lion,  i.  Otter.  J,  Gibbon,  o,  HvOgcbog.  a,  Mao.  L Dugong. 

comes  off  close  to,  but  distinct  from,  the  innominate  trunk,  b ; 
which,  after  dismissing  the  right  brachial,  d,  sends  onward  a long 
common  bi-carotid  trunk,  dividing  into  c,  c'.  A similar  arrange- 
ment obtains  in  the  Giraffe,’  ib.  C ; but  the  bi-carotid  is  still 
longer  before  its  division,  and  the  left  internal  thoracic,  v',  has  a 
distinct  origin  from  the  aorta,  a,  beyond  that  of  the  left  brachial,  d'. 
In  SuidcE  a longish  innominata  gives  off  the  right  brachial  and 
both  carotids,  almost  at  the  same  terminal  point ; the  left  brachial 
rises  close  to  the  innominata.  In  the  Elejihant  I found  a short 
innominata  giving  off  the  right  brachial  and  both  carotids,  the 

* v".  p.  47.  * xcviii".  p.  229. 
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loft  brachial  having  a distinct  origin,  but  more  remote  than  in  the 
Hog  and  Giraffe.'  A like  condition  prevails  in  the  order  Carnivora, 
ih.  p.  In  the  Otter  a longer  interval  divides  the  origin  of  the 
left  brachial,  d,  from  the  innominata,  h\  which,  after  sending  off 
the  left  carotid,  c',  is  continued  as  a hrachio-carotid  trunk  a short 
way  before  dividing  into  the  right  carotid,  c,  and  right  brachial,  rf.* 
In  the  Qundruniana,  from  the  Aye-aye  up  to  and  including 
Jlijlubates^  and  Pithecn.i,*  the  innominata,  ih.  F,  h,  gives  off,  first 
the  right  brachial,  d,  and  then  a short  hi-carotid  trunk.  In  the 
Hedgehogs,  Moles,  and  Bats,  there  arc  usually  two  symmetrical 
hrachio-cephalics,  G,  h,  //.  Cuvier  ascribes  a like  condition  to 
Dplphinns-,  but  in  Phocana  the  otter-type,  E,  is  repeated,  only 
with  relatively  smaller  hrachials  and  larger  carotids.  Hyper- 
oddon  and  Whales,  the  Seals,  Beavers,  Rats  and  most  claviculate 
Rodents,  the  Ornithorhynchus  and  Chimpanzees  partake,  with 
JIan,  of  the  mode  of  orijjin  shown  in  II : the  innominata  b bcinj; 
the  common  trunk  of  the  right  carotid  c and  brachial  d.  The 
same  pattern  obtains  essentially  in  Sirenia,  but  with  wider  intervals 
between  b,  c',  and  d',  and  with  a distinct  origin  of  the  left  internal 
thoracic  artery,  v\ 

These  varieties,  pretty  constant  in  the  groups  they  characterise, 
arc  to  be  distinguished  from  the  anomalies  which  are  exceptional 
in  spccie.s.  Both,  and  especially  the  latter,  arc  explicable  by 
reference  to  modified  or  arrested  stages  of  development ; and  an 
emhiyonal  phase,  exemplified  in  fig.  420,  affords  a ground-plan 
on  which  most  Mammalian  arrangements  of  the  aortic  arch  and 
branches  ctm  he  laid  down,  or  from  which  they  can  be  picked  out. 

In  the  r.are  mammalian  anomaly  of  a double  aorta  bending,  one 
over  the  right,  the  other  over  the  left  bronchus,  before  uniting  to 
form  the  descending  trunk,  the  second  of  the  three  pairs  of  similar 
vessels  by  which  the  blood  passes  from  the  heart  to  the  dorsal 
vessel  in  the  embryo  is  retained,  and  such  persistent  aortae  answer 
to  the  vessels  a',  d,  fig.  420  (in  Saurians).  When  a single  aorta 
is  found  bending  over  the  right  bronchus,  the  primitive  vascular 
arch  a'  is  retained,  and  a D is  obliterated,  as  in  Birds  : this  arrange- 
ment is  a rare  anomaly,  the  rule  in  mammals  being  to  retain  the 
left  of  the  mid-pair  of  jwimitive  vascular  arches,  a,  d,  with  com- 
plete obliteration  of  the  right  arch  a'.®  In  the  variety  a,  fig.  419, 

' CXCT.  p.  01.  Ctivicr  nocms  to  liavo  found  tlie  rigid  ns  »pI1  as  left  bmeliial  rising 
p#'panitf‘ly,  ami  between  them  the  can>thl«  by  n common  trunk,  xii.  tom.  ti.  p.  112. 

* cxCT.  p.  16.  ’ Ib.  p.  15.  * cxcii*.  p.  5. 

‘ I hare  failed  to  find  in  any  embryo  of  bird  or  mammal  more  than  tlireo  pairs  of 
primitive  rawt'ular  nrehes,  convepnj^  the  blood,  in  that  form,  from  the  heart  to  the 
dorsal  aorta.  In  the  exceptional  minority  of  Vertebrates,  in  which  branchise  are  dere* 
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characteristic  of  the  Horse  and  Ox,  the  common  trunk  of  the  fore- 
most pair  of  vascular  arches,  fig.  420,  a,  is  retained  and  lengthened, 
the  arches  being  modified  into  brachials,  fig.  419,  rf  d',  and  caro- 
tids, c d , and  the  communications  with  the  succeeding  arches  obli- 
terated : in  most  of  the  other  varieties  the  communication  of  the 
left  of  the  second  pair  with  that  of  the 
first  pair  of  primitive  arches,  as  at  fig. 

420,  D,  persists  and  becomes  the  dis- 
tinct origin  of  the  left  brachial,  «*,  the 
intermediate  part  of  the  first  left  arch 
being  obliterated  as  far  as  the  artery 
to  the  head,  or  the  trunk  transmitting 
such.  But  this  -ivay  of  c.xplanation 
has  its  limits.  Most  of  the  varieties 
in  fig.  419  bear  relation  to  the  bre.adth 
of  the  ehest,  with  which  that  of  the 
heart  and  aortic  arch,  in  a measure, 
coincides.  Thus,  in  the  non  clavi- 
culate  narrow-chested  Ungulates  the 
varieties  A,  n,  c,  are  met  with,  that 
of  A prevailing:  in  non-claviculate, 
but  broader-che.sted  Unguiculates,  with  flexile  and  rotatory  fore 
limbs,  tbc  separate  origin  of  the  left  brachial  is  more  constant  and 
remote  from  the  innominata : the  s.ame  is  better  marked  in  the 
broader-chested  Swimmers  {Lntra,  Phocerna,  e),  and  in  the  cla- 
viculate  Quadrumana,  F : in  many  Insectivora  o,  an  analogous 
but  other  arrangement  prevails.  In  the  broad-chested  species 
illustrating  the  variety  n,  the  head  and  pectoral  limbs  are  sup- 
plied by  three  primary  trunks : in  the  still  broader  and  flatter- 
chested Sirenia,  I,  the  heart  itself  is  able  to  expand  laterally, 
even  to  a partial  severance  of  the  ventricles,  the  aortic  arch  shows 
its  widest  span,  the  intervals  between  the  innominata,  h,  the  left 
carotid,  c',  and  tbc  left  brachial,  (f , arc  longer,  and  the  left  internal 
thoracic  artery  has  likewise  an  independent  origin. 

I have  nol  met  with  an  instance  of  a double  aorta,  or  of  a single 
one  arching  over  the  right  bronchus,  or  of  the  origin  of  the  right 
brachial  from  the  termination  of  the  arch,  in  any  mammal  below 
Man  : but  such  rare  anomalies  may,  perhaps,  be  found  when  ns 
many  individuals  of  the  brute  have  been  anatomised  as  those  of 
the  human  kind. 

lopM  from  the  primitive  archrg,  four  or  more  of  these  may  exist.  Bnt  the  notion  of 
the  human  embryo  havinc  gills  and  gill-alita  tickles  the  fancy;  and  so  the  term 
‘ liranchial'  may  long  continue  to  lie  misapplied  to  the  hmmal  vascular  arches  and 
blaatenial  folds  of  the  feetal  mammal,  bird  and  reptile. 


420 


rrtmttiTc  vancuUr  arrlim,  ns  rrlalncd  in 
Kaurtmis. 
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Proceeding  with  the  mammalian  modifications  of  other  parts  of 
the  arterial  system,  I find  that  in  all  Lyencephala  the  carotids 
are  relatively  smaller  than  in  the  better-brained  groups ; and  that 
the  vertebral  arteries  give  the  main  supply  of  arterial  blood  to  the 
brain.  In  the  Monotremes  the  brachial  artery  emerges  from  the 
thorax  alx>ve  the  first  rib,  and  ])a8ses  between  it  and  the  coracoid : 
the  trunk  is  speedily  reduced  by  the  number  of  small  branches 
given  off,  and,  with  some  of  these,  i)crforates  the  distal  end  of  the 

421 


humerus  nearly  midway  between  the  condyles.  The  phrenic, 
eocliac,  and  mesenteric  arteries  are  given  off  from  the  abdominal 
aorta ; tbc  renal  artery  is  short,  wide,  and  single  ; there  is  no 
inferior  mesenteric  artery,  but  the  abdominal  aorta,  fig.  421,  a, 
tei-minates  by  dividing  into  the  two  common  iliac,  ib.  b,  and  the 
caudal,  ib.  h,  arteries.  The  iliac  trunks  are  unusually  short : 
they  give  oft’  a ‘ circumflex,’  c,  which  soon  is  resolved  into  a jile.xus 
bending  over  the  ilium  to  supply  the  muscles  on  the  back  of  the 
jielvis : on  the  opjwsite  side  of  the  origin  of  the  iliac  is  sent  oflF 
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the  marsupial  artery,  d,  which  is  similarly  resolved  : most  of  the 
branches  coursing  to  the  back  part  of  the  marsupial  bones  and 
bending  upward  or  forward  upon  the  abdominal  muscles  attached 
thereto,  in  a course  analogous  to  that  of  the  so-called  ‘ epigastric  ’ 
artery  in  Man.  The  iliac  trunk,  b,  is  then  continued  a short  way, 
and  resolves  itself  into  the  short  trunks  of  three  plexuses:  the 
outermost,  e,  take  a course  obliquely  to  the  outer  side  of  the 
thigh,  analogous  to  that  of  the  ‘ external  circumflex  ’ branch  of 
the  femoral  in  Man,  the  middle  division  representing  the  femoral 
trunk  has  a course  of  three  lines  before  its  resolution  into  the 
‘ femoral  plexus,’/,  which  continues  the  usual  course  to  the  ham : 
the  third  short  trunk,  representing  the  ‘ internal  iliac,’  g,  resolves 
itself  into  a plexus  distributed  to  the  parts  suj)plied,  in  Man,  by 
the  sciatic,  gluteal,  and  pudic  arteries ; but  one  branch  is  con- 
tinued superficially  down  the  back  part  of  the  hind  leg,  i,  to  the 
tarsal  bone  supiKjrting,  in  the  male,  the  spur : it  accompanies  the 
duct  of  the  spur-gland  in  the  lower  half  of  its  course.  The  ar- 
terial system  in  Echidna  is  similarly  eharacterised  by  the  subdi- 
vided plexiform  disposition  of  many  of  the  arteries.  The  caudal 
artery,  ib.  h,  pursues  a wavy  course  beneath  the  broad  caudal 
vertebra,  in  Ornithorhynchus.  In  Marsupialia,  after  the  coro- 
nary arteries,  the  primary  branches  from  the  arch  of  the  aorta  rise 
in  some  species  by  three^  in  others  by  two  trunks.  The  broad- 
chested  Slarsupials,  the  Koala  and  AVombat,  for  instanee,  are 
those  in  which  the  left  carotid,  g’,  fig.  402,  and  subclavian,  //, 
arise  separately  from  the  arch ; the  arteria  innominata  dividing 
into  the  right  subclavian  and  carotid,  ib.  g,  h,  as  in  Man.  In 
most  Marsupials  the  innominata  gives  off  both  carotids,  g,  g,  fig. 
401,  as  well  as  the  right  subclavian,  h.  The  common  carotid  in 
the  Kangaroo  gives  off  the  thyroid  artery-,  and  divides  opposite 
the  transverse  process  of  the  atlas  into  the  ecto-  and  ento-carotids. 
The  latter  describes  a sharp  curve  at  its  origin,  passes  along 
the  groove  between  the  occipital  condyle  and  the  paroccipital  to 
the  basisphenoid  which  it  pierces.  The  vertebral  arteries  arc 
given  off  by  the  subclavians,  and  pass  to  the  skidl,  as  usual, 
through  the  eervical  vertebrarterial  foramina.  They  unite  be- 
neath the  medulla  oblongata  to  form  the  basilar  artery,  which 
sends  off’ at  right  angles  to  the  cerebellum  two  branches  as  large 
as  itself : it  divides  opj)osite  the  anterior  margin  of  the  pons 
A^arolii,  and  the  diverging  branches  are  connected  by  two  straight 
transverse  canals,  before  they  anastomose  with  the  smaller  ento- 
carotids  to  form  the  circle  of  AA'illis.  The  brachial  artery  divides 
early  into  ulnar  and  radial  branches:  in  the  Koala,  AVombat, 
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Kangaroos,  Potoroos,  most  Phalangers  (^Plial.  Cookii  is  an  excep- 
tion), most  Potaurists  (Pet.  Sciurnts  is  an  exception),  the  Opos- 
sums, Bandicoots,  and  Phascogales,  the  ulnar  and  larger  division 
of  the  brachial  perforates  the  internal  condyle  of  the  humerus ; it 


422 


Branrlic#  of  ihr  AMotninal  tort*.  Kangaroo. 

passes  over  that  condyle,  impressing  it  with  a more  or  less  deep 
groove  in  the  Dasyiircs  and  Thylaciiic. 

In  the  abdomen,  the  primary  branches  of  the  aorta  are  sent  off 
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in  the  same  order  as  in  most  Mammalia,  with  the  exception  of 
the  constant  absence  of  an  inferior  mesenteric  artery.  This 
modification  probably  relates  to  the  simplicity  of  the  mesenteric 
attachment  of  the  intestines  above  described.  A more  marked 
repetition  of  an  oviparous  arterial  character  occurs  in  the  mode 
of  origin  of  the  great  arteries  of  the  posterior  extremities.  In 
most  Alammalia  these  are  derived  from  a single  trunk  on  each 
side  — the  common  iliac  artery ; in  Birds  from  two  i)rimary 
branches  of  the  aorta,  one  corresponding  with  the  external  iliac 
and  femoral,  the  other  with  the  internal  iliac  and  ischiadic  arteries. 
In  the  Kangaroo  and  vulpine  Phalanger  the  aorta  gives  off, 
opposite  the  interspace  of  the  two  last  lumbar  vertebne,  the  iliac 
arteries,  fig.  422,/;  but  these  arc  afterwards  resolved  into  the 
ordinary  branches  of  the  external  iliac  of  the  placental  Mammals, 
with  the  addition  of  the  ilio-lumbar  artery.  The  trunk  of  the 
aorta,  much  diminished  in  size,  maintains  its  usual  course  for  a 
very  short  distance,  and  then  gives  off  the  two  internal  iliacs,  ib. 
h,  and  is  continued  as  the  ‘ arteria  sacra  media,’  i,  to  the  tail. 
The  transitional  character  of  this  part  of  the  marsupial  sangui- 
ferous system  between  the  oviparous  and  placental  types,  is 
manifested  in  the  large  size  of  the  external  iliacs  as  compared 
with  the  internal  iliacs,  their  greater  .share  in  the  supply  of  blood 
to  the  hinder  extremities,  and  the  brevity  of  the  aortic  trunk 
between  their  origins.  In  most  Birds  the  femorals  or  external 
iliacs  (vol.  ii.  p.  190,  fig.  98,  23)  are  smaller  than  the  ischiadic  or 
internal  iliac  (ib.  2G)  arteries  subsequently  given  off  At  the 
upper  part  of  the  thigh  the  femoral  artery  divides,  in  the  Kan- 
garoo, into  two  equal  branches ; the  one  which  corresponds  with 
the  radial  artery  in  the  fore  leg,  m,  fig.  419,  principally  supplies 
the  foot ; it  passes  along  the  back  of  the  tibia,  between  the  gas- 
trocnemius internus  and  tibialis  jMJsticus,  and  divides  a little  above 
the  internal  malleolus.  The  smaller  division,  ib.  I,  which  follows 
the  ordinary  course  of  the  femoral  along  the  popliteal  space,  is 
lost  upon  the  inner  and  jmstcrior  part  of  the  tarsus ; the  larger 
branch  winds  over  the  malleolus  to  the  front  of  the  tarsus,  sends 
off  the  anterior  tarsal  artery,  and  is  then  continued  along  the 
inner  and  afterwards  the  under  jiart  of  the  metatarsal  bone  of  the 
long  and  strong  toe. 

In  fig.  422,  a is  the  trunk  of  the  caliac  artery  ; I that  of  the 
superior  and  inferior  mesenteric  arteries ; c is  the  adrenal  artery 
of  the  left  side  ; <1,  d,  the  renal  arteries  ; e the  spermatic  artery, 
of  which  the  left  branch  is  shown  continued  to  the  left  ovarium, 
y,  which,  with  the  uterus,  r,  vagina,  .«,  and  bladder,  t,  is  drawn  to 
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the  right  side ; the  spermatic  arteries  arise  close  together  but  sepa- 
rately iu  the  male  vulpine  Phalanger : h is  the  femoral  artery  ; / the 
external,  m the  internal  branch ; ? is  the  caudal  artery,  which 
here  rorres|>onds  in  size  wdth  the  development  and  functional  im- 
portance of  the  tail,  and  is  very  small  in  the  tail-less  or  nearly  tail- 
less Marsuj)ials,  such  as  the  Choeropus,  Koala,  and  Wombat. 

The  proportions  in  which  the  vertebral  and  entocarotid  arteries 
supj)ly  the  brain  continues  to  characterise  the  Lissmcephala,  and 
relates  rather  to  the  restricted  development  of  the  cerebrum  than 
to  any  special  j)roneness  to  hybernation  or  torpidity.  The  artery, 
moreover,  which,  entering  the  basis  cranii,  represents  the  ento- 
carotid, su]>plies  parts  usually  served  by  the  ectociirotid,  in 
(Jifrrnrrphiihi.  Thus,  in  the  He<lgehog,  a branch  of  the  carotid, 
after  sending  off  twigs  to  the  occipital  muscles,  penetrates  the 
petrosal  bulla,  and  there  divides : one  branch,  traversing  the 
stapes,  gives  off  the  middle  meningeal  artery,  and  is  continue<l 
forward  by  the  orbitosphenoid  fissure  into  the  orbit : the  other 
branch,  truly  representing  the  entocarotid,  passes  into  the  cranial 
cavity,  and  joins  the  ‘ circle  of  Willis,’  which  is  mainly  fonned  by 
the  vertebral  arteries.  Evidence  of  this  condition  of  cephalic 
arteries  in  other  Insertivora  and  in  Rodmlia  is  given  in  fig.  173, 
C and  E,  as  regards  the  passage  of  the  ))ctro-tympanic  branch 
through  the  arch  of  the  stapes.  In  the  Hare  the  division  of  the 
carotid  which  sends  off  the  entocarotid  luerces  the  petro-tymj)anic 
bulla,  !us  in  the  Hedgehog:  in  the  Capybara  it  grooves  the  basi- 
sphenoid.  In  the  Hedgehog  each  carotid  gives  off,  near  its 
origin,  the  inferior  thyroid  : in  the  Anteater,  the  inferior  thyroids 
have  a common  origin  from  the  innominate  trunk.  In  most 
IIiKlcnts  which  have  the  entocondyloid  perforation  of  the  humerus 
(vol.  ii.  pp.  38'2-384)  the  brachial  or  ulnar  artery  accompanies 
the  median  nerve  through  that  hole:  iu  Mt/rviecophapa  the  nerve 
only  so  passes.  In  Bats  the  brachial  bifurcates  about  the  middle 
of  the  humerus : the  deeper-seated  division  supplies  the  extensors 
of  the  fore-arm. 

The  most  remarkable  mo<lification  of  the  brachial  artery  is 
that  which  was  discovered  by  Carlise,'  in  the  Sloths  and  Slow- 
lemur,  and  which  is  rej)cated  in  the  femoral  of  the  same  ani- 
mals. The  divers  interpretations,  leading  to  controversy,  on 
these  peculiarities  of  the  arterial  system  in  cxiv'',  cxv",  cxvi", 
called  for  special  care  and  attention  to  the  subjects  afforded  to  me 
by  the  London  Zoological  Society,  in  respect  to  the  arterial  system. 

In  the  Ai  {Bro(fppits  tridnctphis)  the  arch  of  the  aorta,  opposite 
' cxr.iii".  p.  17. 
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the  fifth  pair  of  rib?,  gives  off  a very  short  trunk,  which  divules 
into  the  right  brachio-carotiJ  and  the  left  carotid ; the  aorta  then 
sends  off  the  left  brachial  arterv  which  has  a long  course  in  the 
chest  before  it  attains  and  bends  over  the  first  left  rib.  The 
brachio-carotid  has  a course  of  an  inch  before  dividing.  The 
carotids  do  not  divide  until  they  have  passed  the  atlas,  and  the 
ectocaixitid  is  larger  than  the  entocarotid ; small  plexuses  are 
formed  in  the  orbits  and  temporal  fossae.  The  brachial,  after 
bending  over  the  first  rib  and  traversing  the  axilla,  suddenly 
sends  off  and  seems  to  break  up  into  a fasciculus  of  minute  longi- 
tudinal branches,  which  surround  and  conceal  the  main-trunk. 
This,  however,  exists  in  the  middle  of  the  plexus,  contractc<l  at 
first,  but  gradually  resuming  its  more  nomtal  dimension  as  the 
brachial  artery,  and  that  not  by  the  recejition  of  any  of  the  pre- 
vious ramuscules.  It  begins  to  diminish  again  at  the  elbow,  and 
thence  gradually  contracts  until  it  forms  the  radial  side  of  the 
palmar  arch  and  the  chief  origin  of  the  two  digital  arteries  that 
go,  one  to  each  interspace  between  the  middle  and  the  two  lateral 
fingers;  the  ulnar  side  of  the  palmar  arch  is  formed  by  a ct>n- 
tinuation  of  one  of  the  branches  sent  «»ff  from  the  axillary,  and 
the  rest  of  that  plexus  is  distributed  progressively  to  the  muscles 
and  other  forts  of  the  limb,  eight  or  ten  of  the  branches  quitting 
the  main  trunk  at  the  bend  of  the  elbow  to  perlbrate  the  inter- 
osseous sftace  or  to  supply  the  deep-seated  muscles  of  the  fore-ann. 

Thus,  the  arterial  stream  is  ]iroj>elIe<l  directly  by  the  main 
trunk  to  the  digits ; the  force  being  broken  by  the  sudden  dis- 
persion of  the  current  in  the  score  of  branches  sent  off  from 
nearly  the  same  part  of  the  circumference  of  the  axillary  artery. 

The  vertebral  artery  is  sent  off  at  the  brim  of  the  thorax  on 
both  sides.  The  phrenic  pierces  the  diaphragm  with  the  aortic 
trunk,  winds  round  the  right  of  the  o'sophagcal  aperture,  and 
soon  divides.  The  gastric  artery  is  as  large  as  the  superior 
mesenteric.  The  renal  artery  gives  off  the  spermatic.  The 
aWominal  aorta  bifurcates  ofifiosite  the  last  lumbar  vertebra?. 
The  left  iliac,  in  my  subject,  sent  off,  at  its  origin,  the  arteria 
sacra  media  and  the  two  epigastric  arteries : the  former  soon  re- 
solves into  a plexus.  The  right  iliac  also  sends  a few  branches 
to  the  sacral  plexus;  but  this  is  fonned  chiefly  by  branches 
sent  off  around  the  origin  of  the  sacrome<lian  trunk.  The  in- 
ternal iliac  is  represented  by  a jdexiis  coming  oft’  by  three  or 
four  quickly-dividing  branches  from  the  common  iliac  liefore  it 
passes  over  the  brim  of  the  f)clvis : at  this  part,  also,  the  femoral 
plexus  begins  to  be  given  off  by  one  or  two  branches  which  sub- 
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divide ; not,  as  in  a.xilla,  by  many  ramuscules  from  one  point. 
Other  branches  arc  sent  off  from  tlie  commencement  of  tlie  femor.'il 
artery,  which  rapidly  subdivide  and  conceal  the  whole  course  of 
the  femoral  trunk  as  far  as  the  ham.  Some  branches  from  the 
internal  iliac  ple.xus  pass  over  the  brim  of  the  pelvis  and  anastomose 
with  arteries  of  the  femoral  ple.xus ; but  there  is  no  re-cnterinj; 
of  any  of  the  members  of  the  plexus  into  the  main  trunk.  They 
are  distributed,  successively  ((uittiug  the  plexus,  to  the  femoral 
muscles:  a numerous  liusciculus  perforates  the  proximal  ]>art  of 
the  interosseous  space,  between  the  heads  of  the  gastrocnemius; 
the  remaining  branches  accompany  the  main  trunk  down  the 
back  of  the  leg,  some  as  far  as  behind  the  inner  malleolus,  whence 
the  main  trunk  passes  to  the  scapho-calcancal  joint  and  divides 
into  the  two  digital  arteries  for  the  interspaces  of  the  three  toes. 
The  continuation  of  the  trunk  may  be  thus  explained: — The  fot)t 
and  hand  being  the  first  segments  developed  in  their  resjiective  limb, 
the  artery  sup|)lying  them  is  first  established ; the  subsequently 
formed  segments  are  supplied  by  branches  sent  off  from  this. 

In  the  Unau  (Brndt/pus  didurti/lus)  the  aorta  sends  oil’ the  right 
brachial  and  both  carotids  by  a common  trunk,  half  an  inch  long: 
the  left  brachial  has  a course  of  more  than  an  inch  in  the  thorax. 
Kach  brachial  sends  off,  after  winding  over  the  first  rib,  many 
arteries : the  main  trunk  ])crforates  the  entocondyloid  hole  of  the 
humerus,  iis  does  likewise  part  of  the  brachial  ple.\us.  The  con- 
tinued trunk  forms  no  i)alniar  arch,  but  terminates  by  bifurcating 
at  the  interspace  of  the  two  digits.  The  abdominal  aorta  gives 
off  the  common  iliacs  opposite  the  last  lumbar  vertebra; ; and  then 
sends  olf  the  last  pair  of  lumbar  arteries  and  the  ‘ sacra  media:  ’ 
this  distributes  a pair  at  each  sacral  vertebric  until  it  is  rcsolvctl 
into  a pencil  of  arterioles  at  the  fourth  vertebra.  The  iliacs  send 
«)ff,  first,  the  cpigastrics ; then  the  internal  iliac  j)lcxus;  after 
which  the  e.xternal  iliac  trunk,  bending  over  the  brim  of  the 
pelvis,  sends  off  the  arterioles  of  the  plexus,  which  conceals  the 
continuation  of  the  femoral  trunk;  this  ])lexus  supplies  the  femoral 
muscles,  and  also  a large  |iro|)ortion  to  the  intcros.seous  space  of 
the  leg.  The  main  trunk  passes  down  the  back  of  the  leg,  an<l 
divides  at  the  middle  of  the  sole  into  two  branches  for  the  inter- 
spaces of  the  three  toes  of  the  hind  f<K)t. 

A closely  similar  dis[H>sltion  of  the  arteries,  but  with  less  nume- 
rous arterioles,  obtains  in  the  Autcaters'  and  Armadillos’:  and 
tlie  analogy  of  this  with  the  arterial  system  of  the  Monotremes  is 
worthy  of  note. 

‘ extV'.  » excix". 
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A closer  resemblance  to 
the  ])lexiform  limb-arteries 
of  the  Sloths  is  shown  by 
the  Slow  Lemurs,  as  exem- 
plified in  the  arm  of  Stc/iufis 
turdiijrudus  in  fij;.  423,  c.' 

Cuvier  first  indicated  the 
analogous  division  into  nu- 
merous branches  of  the 
brachial  artery  of  the  Por- 
j)olse;’  the  plexuses  after- 
wards receiving  a more 
detailed  account,  with  a 
figure,  from  V.  Baer,*  who 
also  found  a similar  ar- 
rangement in  the  [tectoral 
fin  of  the  Manatee,*  and, 
with  a minor  degree  of 
sul)division,  in  that  of  the 
M'alrus.*  V.  B aer  associ- 
ates the  speedy  subdivision 
of  the  main  artery  with  the 
restricted  degree  of  move- 
ment of  fin-shaped  fore- 
limbs  : but  the  extent  and 
freedom  of  motion  of  the 
long  prehensile  limbs  of  the 
Slotlis  and  Lemurs  jKnnt  to 
other  conditions. 

The  extreme  degree  of 
plexiform  multiplication  of 
tlic  arterial  system  in  the 
intercostal  and  other  ver- 
tebral branches,  in  the  Ct- 
tacea,  more  plainly  relates 

* Vmlik  remarks  of  pl*  x* 

u*K‘»,  * they  consist  not  only  of  ar- 
teries, but  also  of  reins  ; sD«i  that,  by 
(liritiiuj^  in  braDolK-s,  these  ramifi- 
cations l^ecome  smaiier  and  smalier, 
and  conip<iS4‘d  of  a l«*»s  number  of 
resM-ls.’  Lxix*.  p.  219. 

* XII.  (1805,  tom.  4). 

* cxcri".  fijr.  1. 

* Ib.  a. 

‘ Ib.  fi-.  III. 


McsiXurm  Lnsctic*  of  brafUlal  artco' ; SUnofm  tardicradtu, 
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to  tlie  provision  of  a reservoir  of  arterial  blood,  especially  in 
behoof  of  the  brain. 

In  tlic  l’or[M>ise  the  aorta,  after  giving  off  the  two  coronary 
arteries,  forms  tlic  usual  arch  fnun  tlic  convexity  of  whicli  are  sent 
off  tliree  ]>riinary  trunks:  the  first  is  the  largest,  and  gives  off, 
first,  the  ‘ posterior  thoracic,’  then  the  right  carotid,  and  after- 
wards divides  into  the  right  brachial  and  internal  mammary 
arteries.  The  second  trunk  sends  oft'  the  left  carotid,  left  brachial, 
ami  internal  nianiinary  arteries.  The  third  primary  branch  is  the 
left  ]H)sterior  thoracic  artery.'  The  common  carotid  sends  off  an 
inferior  thyroid  before  dividing  into  external  and  internal  carotids  ; 
the  subordinate  branches  of  both  these  vessels  form  the  plexuses  in 
various  parts  of  the  head,  esj)ccially  at  the  basis  cranii  and  around 
the  optic  nerve.  Tlie  posterior  thoraeic,  on  each  side,  bends  down 
and  gives  off  branches  to  the  five  anterior  intercostal  spaces  : the 
succeeding  ones  derive  their  arteries  directly  from  the  thoracic 
aorta,  and  .some  of  them  hy  a short  common  trunk,  which  bifur- 
cafe.s.  The  intercostals  send  off  the  dorsal  branch,  and  that  which 
accompanies  the  rib;  but  they  also,  and  chiefly,  divide  into  a vast 
number  of  branches,  forming  by  their  close  tortuous  interlace- 
ment a thick  substance,  coni[)arcd  by  Tyson  to  a gland,’ and,  more 
truly,  by  Hunter,  to  the  plexiform  mass  of  the  spermatic  artery  in 
the  hull."  This  arterial  structure  lines  the  sides  of  the  thorax 
from  the  ninth  or  tenth  pair  of  ribs,  forwanls,  penetrating  between 
the  ribs  near  their  joints  ami  behind  the  costal  ligaments,  and 
there  auiustomosing  with  correspomliug  |>rod  net  ions  from  contiguous 
intercostal  si)aces : branches  pass  therefrom  into  the  neural  canal, 
surrounding  the  myelon  with  a similar  j)lexus,  iTicrejising  in  thick- 
ness near  the  skull  and  about  the  niacromyclon,  and  an.istomosing 
freely  with  the  myclonal  inetdngeal  arteries.  Thus  the  neural 
axis  can  receive  its  appri>priatc  stimulus  of  oxygenated  bhuKl 
during  the  periods  of  long  submersion  and  conscfiuent  interrnj)tion 
of  res])iration,  to  which  the  Cetacea  are  subject.  Any  convoluted 
intercostal  artery,  contributing  to  this  reservoir,  can  be  unravelled 
and  traced  to  a great  length,  without  sending  off  branches  or 
changing  its  calibre.  In  the  Piked  hale  (IJahenaptera),  the 
external  thoracics  and  internal  mammaries  combine  with  the  inter- 
costals in  supplying  this  huge  and  singular  plexiform  reservoir. 
The  brachial  trunk  gives  off  an  external  thoracic  to  the  j»ectoral 
muscles,  a subsca])ular  artery,  one  to  the  supraspinal  fossa  and  a 
circumflex  branch:  these  supply  the  muscles  of  the  fin.  The 
trunk  then  divides  into  two,  each  of  which  subdivides,  and  forms 

* xciv.  p.  365,  note  (1837).  Sec  also  cxcrni".  (1841),  p.  383. 

’ xciv.  p.  365.  ’ xciv.  p.  36,'>. 
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plexuses  upon  the  humerus,  mainly  expendeil  in  nourishing  the 
bones,  their  ligamcnts,and  the  enveloping  integument.'  The  caudal 
prolongation  of  the  aorta  is  surrounded  by  layers  of  plexiform  arte- 
rioles, as  by  a sheath,  in  its  course  along  the  wide  luemal  canal.’ 

The  littoral  and  herbivorous  Sirrmia,  which  never  go  so  deep  or 
stiiy  so  long  submerged  as  the  AVhales,  seem  not  to  jwssess  the 
intercostal  and  myelonal  arterial  plexuses : at  Iciist  I found  them 
not  in  the  Dimon<r.’ 

Amongst  the  minor  degrees  of  plexiform  multiplication  of 
arterial  canals  is  that  oldest  recorded  instance  ‘ of  the  intriicranial 
‘ rete  inirabile  ’ at  the  biise  of  the  skull  in  Iluminants : it  is  large 
in  grazers,  is  less  in  browsers,  and  least  in  the  (jiraffe  which 
habitually  feeds  with  the  head  raised.  In  Dovid(e,  where  the 
‘ rete’  is  most  extensive,  it  is  situated  at  the  sides  and  back  of  the 
sella  turcica,  in  the  sclerous  venous  receptacle  called  ‘ cavernous 
sinus.’  There  is  no  definite  bifurcation  of  the  cephalic  arterial 
trunk  into  an  ecto-  and  ento-carotid,  in  Iluminants:  a small 
branch  of  the  carotid,  perforating  the  cranium  at,  or  behind,  the 
foramen  ovale,  represents  the  ‘ middle  meningeal  artery,’  and  joins 
the  ‘ rete  mirabile  ’;  but  this  is  mainly  formed,  in  advance,  by 
branches  of  the  internal  maxillary,  which  enter  the  fissura  laeera 
anterior,  subdivide  and  ana.stomosc  reticularly,  and  arc  continued 
backward,  on  each  side  of  the  ‘sella,’  as  a ‘rete  mirabile’:  three 
or  four  transverse  jjortions  bring  the  main  lateral  ‘ rctia  ’ into  union 
with  each  other ; while,  posteriorly,  arc  sent  off  a median  and 
two  lateral  narrow  plexiform  extensions : the  latter  diverge  to 
ana.stomose  with  the  j)recondyloid  arteries ; then  the  middle  jK>r- 
tion  is  continued  to  join  the  converging  cerebral  branches  of  the 
vertebral  arteries.  These,  in  the  Ox,  enter  the  neural  canal 
between  the  axis  and  third  cervical,  are  united  together  by  obli(|ue 
cross-branches,  as  they  advance ; each  bifurcates  in  the  neural 
canal  of  the  atlas,  sending  one  branch  out  through  the  anterior 
]>erforation  of  the  neurapophysis,  while  the  other  converges  towards 
its  fellow,  to  terminate  by  ana-stomosing  with  the  median  pro- 
duction of  the  ‘rete’  from  the  ‘circle  of  Willis,’  and  also  with  a 
division  of  each  jirecondyloid  artery. 

In  the  Hog  scnifa),  a karger  proportion  of  the  com- 

jiaratively  small  ‘ rete  mirabile’  is  formed  by  the  vessel  eiitering 
the  ci’anium  through  the  posterior  ‘ fissura  laeera,’  representing 
an  ‘ entocarotid.’  A common  efferent  vessel,  piercing  the  inner 

' xciT.  p.  366  (not<‘).  ’ cxcvm". 

* cxvil".  p.  36.  Tho  trace  obaervftl  by  Stnnuius  iu  the  Manatee  dtx*8  not 
a functional  inference,  in  the  true  wliales.  * cc". 
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layer  of  the  dura  mater,  carries  the  blood  from  the  ‘ rete  ’ t<j  the 
brain,  supplying  i)rincipally  the  prosencephalon.  Another  in- 
stance of  plexiform  disposition  in  the  arteries  of  Artiodactylcs 
has  been  observed  in  the  gastric  branch  of  the  cocliac  axis  of 
the  Hog,  prior  to  its  ramification  in  the  doreal  parietes  of  the 
stomach.' 

The  I’crissodactyles  have  a recognisable  entocarotid  ■which, 
however,  has  no  ju'oper  bony  canal,  but  enters  the  craniuiii  by 
the  posterior  fissura  lacera:  it  forms  strong  bends  as  it  converges 
towanls  its  fellow,  with  which  it  is  united,  behind  the  ‘ sella,’  by 
an  external  flexuous  ‘ramus  communicans ’ ; then,  piercing  the 
dura  mater,  the  entocarotids  are  again  united  by  the  internal 
‘ ramus  communicans,’  which  completes  the  circle  of  Willis  be- 
hind and  also  receives  the  ‘ artcrla  basilaris.’  A rudiment  of  tlie 
‘ rete  mirabile  ’ of  Artiodactylcs  is  represented  by  small  jdexi- 
form  vessels  given  off  from  the  hinder  part  of  ‘ ^^"illis’8  circle.’ 

The  entocarotid  deeply  grooves  the  apex  of  the  petrosal  in  the 
Ele[)hant.  Branches  of  the  cctocarotld  form  a remarkable  plexus 
internal  to  the  cheek-gland  which  opens  between  the  eye  and  car 
in  this  animal. 

In  most  Carnivora  the  entocarotid  traverses  a curved  canal  in 
the  petrosal  and  makes  a bend  on  emerging,  which  protrudes  at 
the  foramen  laccrum  before  entering  the  cranial  cavity : the  bend, 
so  exposed  externally,  receives  in  CunidcB  and  Viverridee  (i/cr- 
jn’xtes)  a branch  of  the  ectocarotid  ; and,  as  it  advances  alongside 
the  ‘ sella,’  also  anastomoses  with  branches  of  the  internal  maxil- 
lary and  ophthalmic  arteries.  In  Ursidee  a smaller  portion  of 
the  looj)  projects  into  the  cartilage  occupying  the  ‘ foramen  lacc- 
rum.’ The  entocarotid  and  its  bony  canal  are  smallest  in  Felines 
and  the  Hya;na.  In  these  a maxillary  plexus  is  formetl  which 
suj)plics  the  internal  maxillary,  ciliary,  ethmoidal,  ophthalmic,  aud 
anterior  meningeal  arteries. 

The  condition  of  the  mesenteric  arteries  in  Man  renders  them, 
in  a degree,  reservoirs  as  well  as  conveyers  of  blood  : it  facilitates 
a more  continuous  or  less  interrupted  su])ply  to  the  intestinal 
membrane.  The  few'cr  anastomotic  arches  in  the  Carnivora 
favour  a more  rajiid  and  direct  supply  of  blood  when  the  i)rcsence 
of  chyme  in  the  intestines  gives  stimulus  to  such  supply.  The 
human  condition  relates  to  the  more  regular  and  frequently  re- 
peated supplies  of  food ; to  the  more  constant  and  continuous 
j)resence  of  chyme  upon  the  villous  surface  of  the  gut.  In  the 
Hog,  aud  more  especially  in  w ild  Carnivora,  tluD  gorging  of  prey 
' cci".  1'.  Oi  l,  pi.  28,  fig.  4. 
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is  followed  by  fasting,  by  long  intennission  of  the  supply  of 
chyme  ; consequently  the  provision  for  tlie  arterial  supply  is 
simplified,  and  at  the  same  time  adapted  to  the  more  rajad  assimi- 
lation which  the  hungry  or  famished  frame  requires. 

Modifications  of  the  arterial  supply  of  the  mammary  glands, 
exemjdified  by  large  epigastric  and  subcutaneous  abdominal 
branches,  anastomosing  with  the  internal  and  thoracic-mammary 
arteries,  accompany  the  position  and  extension  of  the  mammary 
glands  from  the  thoracic  to 
the  inguinal  regions  in  many 
quadrupeds. 

The  ultimate  capillaries  of 
the  arterial  ramifications 
cither  open  directly  into 
venous  capillaries,  or  into 
sinuses,  as  in  erectile  and 
uterine  structures,  whence 
the  venous  capillaries  begin. 

In  exceptional  cases,  as  in 
the  Bat’s  wing,  arteries  of 
the  second  and  third  order  of 
branches  have  been  observed  to  pass  into  veins  of  corresponding 
size,  without  the  intermedium  of  capillaries.' 

§ 349.  Veins  of  Mamma- 
lia.— The  delicate  structure- 
less coat  of  the  capillaries 
present,  as  the  venules  en- 
large, an  epithelial  lining  of 
flat,  usually  rhomboid,  nu- 
cleate scales,  fig.  424.  The 
middle  tissue  of  the  vein 
includes  sparing  delicate  un- 
striped fibres  in  an  abundant 
bed  of  connective  or  areolar 
tissue,  in  which  may  be  distin- 
guished an  internal  stratum 
of  wavy  longitudinal  fibres, 
fig.  425  a,  a middle  stratum 
of  intermixed  circular  and 
longitudinal  fibres  of  elastic 
tissue,  imbedded  in  a nidus 
of  white  or  contractile  fibres,  h,  and  these  degenerating  into  an 

' cxevn".  p.  9C8. 
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outer  mass  of  areolar  tissue,  in  whieli  sueli  fibres  as  can  be  traced 
run  lengthwise,  c.  This  forms  the  greatest  projiortion  of  the 
venous  coat,  ami  the  transition  to  the  mid-stratum,  l>,  is  cbjscr 
than  that  between  b and  the  thinnest  layer,  o,  which  is  lined  by 
the  epithelial  tissue. 

The  elastic  tissue  is  never  so  developed  as  to  give  the  yellow 
colour  which  characterises  the  middle  coat  of  arteries,  or  to  main- 
tain the  tubular  form  in  the  empty  vein.  The  valves  arc  not 
confined  to  the  place  of  union  of  the  venous  trunks  with  the  he.art, 
as  is  the  case  wth  arteries,  but  occur,  usually  in  pairs,  fig.  426,  in 

the  major  part  of  the  venous 


426 
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system  after  the  vessels  have 
gained,  in  returning  from  the  ca- 
^ j)illary  area,  a conspicuous  size. 

They  ‘consist,’  as  Harvey  de- 
'A  scribed,  ‘ of  raised  or  loose  |K>r- 

' \ tions  of  the  inner  membrane  of 

these  vessels,  of  extreme  deli- 
cacy, and  a sigmoid  or  semilunar 
shape.  They  are  situate  at  dif- 
ferent distances  from  one  an- 
other, and  diversely  in  ditt'erent 
individuals  ; they  arc  connate  at 
the  sides  of  the  veins;  they  are 
directed  njiward  or  toward  the 
trunks  of  the  veins;  the  two — 
for  there  are,  for  the  most  part, 
two  together — regard  each  other, 
mutually  touch,  and  are  so  rcaily 
to  come  into  contact  by  their 
edges,  that  if  anything  attempt 
to  pass  from  the  trunks  into  the 
branches  of  the  veins,  or  from 
the  greater  veins  into  less,  they 
completely  prevent  it ; they 
.are  further  so  arranged,  that  the  horns  of  those  that  succeed 
arc  opposite  the  middle  of  the  convexity  of  those  that  pre- 
cede, and  so  on  alternately.’  lie  further  writes,  ‘ In  m.my  phvees 
two  valves  arc  so  placed  and  fitted,  that,  when  raised,  they  come 
exactly  together  in  the  middle  of  the  vein,  and  arc  there  united 
by  the  contact  of  their  margins  ; and  so  accurate  is  the  adapta- 
tion, that  neither  by  the  eye,  nor  by  any  other  means,  can  the 
slightest  chink  along  the  line  of  cont.aet  be  pcrceive<l.  Hut  if 
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the  probe  be  now  introduced  from  the  extreme  towards  the  more 
central  parts,  the  valves,  like  the  floodgates  of  a river,  give  w.ay, 
and  are  most  readily  i)ushed  aside.’ ' 

The  most  conspicuous  tissue  in  these  valves  is  of  the  white 
fibrous  kind,  having  a general  direction  jiarallel  with  the  free 
border  of  the  valve  and  remarkable  for  their  minute  and  equal 
undulations  in  this  course.  The  epithelial  lining  is  feebly  indi- 
cated by  scattered  nuclei,  csjiecially  at  the  extreme  margin  of  the 
valve.  As  a general  rule  the  cerebral  and  myelonal  veins,  those 
of  the  heart,  lungs,  kidneys,  uterus,  and  liver,  both  portal  and 
hepatic,  have  no  valves : there  are  few  valves  in  the  external 
jugular;  none  in  the  internal  jugular:  valves  abound  in  the  veins 
of  the  pectoral  limb,  including  the  axillary,  but  are  not  present  in 
the  subclavian  or  precavals.  The  postc.ival  and  iliac  veins  have 
no  valves,  but  they  abound  in  those  of  the  pelvic  limb.  The 
spermatic  veins  have  valves,  but  not  the  ovarian  veins  ; they  arc 
few  and  incomplete  where  they  have  been  found  in  the  azygos 
veins. 

The  varieties  in  the  disposition  of  the  veins  exemplify,  in  mam- 
mals, a greater  degree  of  repetition  of  primary  or  embryonal  ste])s 
than  do  those  of  the  arteries.  Tlie  cardinal  veins,  which  jiersist 
in  great  proportion  in  Lizards,  fig.  420,  unite  at  with  the 
brnchio-jugulars  to  form  a short  ‘ precaval  ’ trunk  * on  each  side. 
That  of  the  left  receives  the  blood  from  the  coronary  vein  before 
terminating  in  the  right  auricle  h.  A smaller  proportion  of  blood 
is  returned  by  the  jtersistent  vena;  cardinales,  z,  z,  in  mammals ; 
but  with  this  exception,  the  disjwsition  of  the  great  trunks  return- 
ing the  blood  from  the  head,  trunk,  and  pectoral  limbs,  is  essen- 
tially such  in  Lyencrphala  and  most  TAssencephala  as  is  exemplified 
in  rtaurians.  The  blood  from  the  left  side  of  the  trunk  (intercostal 
or  intervertebral  spaces)  is  carried,  in  the  ascending  scries  of 
Mammals,  by  progressively  increasing  anastomosing  channels  from 
the  left  into  the  right  cardinal  vein  : and,  to  such  an  extent  in 
Man,  that  the  right  cardinal  vein  was  noted  for  its  want  of  sym- 
metry as  the  ‘ vena  azygos,’  while  the  remnant  of  the  left  cardinal 
was  called  ‘ hemi-azygos.’  With  this  change  goes  on  an  enlarge- 
ment of  an  anastomosing  vein  between  the  right  and  left  precavals 
at  the  upper  and  fore  part  of  the  chest,  ultimately  diverting  the 
blood  from  the  left  precaval  into  the  right,  as  the  blood  of  the  left 
cardinal  had  been  attracted  to  the  right  cardinal  vein.  This  is 
accompanied  by  obliteration  of  the  left  precaval  trunk,  of  which  a 
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remnant,  rccr«jrnisable  by  the  developmental  anatonii=t.  becom« 
the  ‘ coronary  sinus  ’ of  Anthmjiotomy,  or  the  dilated  jiortion  of 
the  heart-vein,  ■with  well-marked  fibrous  tunic,  receivin|r  the 
‘oblique  auricular  vein’  representing  the  left  ‘ductus  Cuvieri.’ 
and  terminating  by  the  wide  valvular  opening  in  the  right 
auricle.' 

In  the  Monotreraes  each  precaval.  fig.  308,  r,f,  receives  the 
azygos  vein  of  its  respective  side : they  are  united  by  the  cha- 
racteristically raanunalian  transverse  canal,  g.  which  becomes  the 
‘ vena  inuoniinata  ’ in  Man.  The  postcaval  has  a long  course  in 
the  thorax ; before  entering  which  it  L«  greatly  dilated,  within 
the  liver,  in  the  Ornithorhynchus,  as  it  is  in  the  placental  divers. 
The  vena  p'rta;  is  constitute*!  as  in  other  Mammalia.  The  veins  of 
the  kidney  are  continued  from  the  renal  artery,  and  communicate 
solely  with  the  pi^stcaval.  In  the  Marsupials,  also,  the  iliac  veins 
combine  to  form  the  postcaval  trunk,  as  in  the  rest  of  theMammalia, 
without  conveying  any  part  of  their  blotxl  to  the  kidneys  : in  the 
Kangaroo  they  both  pass  on  the  central  aspect  of  the  iliac  arteries. 
The  renal  veins,  in  like  manner. directly  communicate  with  the  ab- 
dominal cava,  and  do  not  contribute  any  share  in  the  formation  of 
the  jH>rtal  vein.  This  great  secerning  trunk  of  the  hepatic  organ 
presents  the  strictly  mammalian  condition,  being  formed  by  the 
reunion  of  the  gastric,  intestinal,  pancreatic,  and  splenic  veins. 

‘ The  [irimitive  veins  of  the  animal  system  of  organs,  c*)inmonly 
called  “ azygos,”  retain  their  original  separation  and  symmetry ; 
the  left  “ 8zyg<^  ” bends  over  the  left  bronchus  to  communicate 
with  the  left  pre<'aval,  and  the  right  azygi>s  over  the  right  bronchus 
to  join  the  right  precaval.’  ’ This  vein,  h,  returns  the  blo<xl  fn>tn 
the  right  side  of  the  he.ad  and  the  right  anterior  extremity ; the 
corresixmding  vein  on  the  left  side,  c,  passes  down  in  all  the 
Marsupials,  in  front  of  the  root  of  the  left  lung,  as  in  Birtls  and 
Keptiles,  behind  the  left  auricle,  and.  after  receiving  the  c»m>nary 
vein,  joins  the  |x>steaval,  </,  immediately  before  its  expansion  into 
the  auricle.  The  anterior  anastomosing  vein  between  the  two 
jirecavals  exists. 

Where  the  pelvic  extremities  are  less  or  not  larger  than  the 
j>ectoral  ones,  as  in  the  Ursine  Dasyure  and  Wombat,  the  jx»st- 
caval  is  s»>mewhat  less  than  the  loft  [trecaval,  figs.  402  and  403, 
and  they  ap]iear  to  tenninate  by  separate  aj>ertnres  in  the  auricle; 
but  in  the  Kanganx*,  fig.  401,  the  projxirtions  of  the  two  veins  are 
reversed,  and  the  |x>stcaval  more  obviously  receives  the  left  pre- 
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cav.ll  before  it  terminates : these  two  vcin.s  meet  at  a very  acute 
antrle,  and  are  separated  by  a crescentic  ridge  similar  to,  but 
thinner  than,  that  which  divides  their  common  orifice  from  the 
orifice  of  the  right  prccaval.  In  most  Li.tsencrphahi  the  left  j)re- 
caval  descends  behind  the  auricle  to  terminate  with  or  near  to  the 
postcaval:  the  left  vena  azygos  counminicatcs  with  the  left  pre- 
caval  in  the  Hedgehog  and  many  others,  and  is  Larger  than  the 
right : o[)posite  proportions  prevail  in  Leporida  and  some  other 
Kodents,  ns  in  Squirrels,  the  left  azygos  being  small  or  wanting. 
In  the  Bats  the  venules  of  the  wing-meiuhninc,  owing  to  their 
comparatively  wide  communications  with  the  arterioles,  manifest 
the  imj>ulse  of  the  heart’s  action. 

In  Cetacea  the  left  cardinal  and  prccaval  veins  are  reduced  to  the 
condition  of  a coronary  sinus  which  is  large ; the  hloo<l  from  the 
heail  and  fins  is  returned  by  the  right  prccaval  trunk  to  the  auricle. 
The  definition  of  any  distinct  right  or  left  azygos  trunks  is  ob- 
scured by  the  characteristic  expansion  and  plexiform  multiplication 
of  the  veins  at  the  hack  of  the  thoracic-abdominal  cavity,  fig.  427 ; 
and  indeed  the  precaval  system  is  chiefly  brought  into  communi- 
cation with  the  postcaval  one  by  the  continuity  of  the  vast  venous 
sinuses  surroundins:  the  neural  axis  and  receivin£r  the  intercostal 
and  lumbar  veins,  ultimately  opening  into  the  precaval  by  a short 
trunk  which  penetrates  the  posterior  and  right  part  of  the  chest. 
In  fig.  427,  the  postcaval  vein  is  cut  across  at  p,  where  it  lies  in 
the  interspace  of  the  two  masses  of  depressor  muscles  of  the  tail. 
V’^eins,  m,  m,  which  seem  to  answer  to  the  iliacs  of  quadrupeds, 
return  from  the  side-muscles  of  the  tail ; the  caudal  vein  is  rcj)rc- 
sented  by  a plexus,  /,  and  occupies  much  of  the  ha;maj)ophysial 
canal.  A plexus  from  the  intestine,  G,  terminates  in  the  right 
iliac  vein,  and  thus  establishes  a communication  between  it  and 
the  jx>rtal  system.  A hypogastric  plexus  terminates  at  L The 
j)critoneal  plexus  is  .shown  at  /;  it  becomes  more  considerable  at 
the  sea.son  of  sexual  excitement : hut  the  chief  abdominal  reser- 
voir of  venous  blood  is  formed  by  the  vast  pso.idic  plexus,  k,  which 
extends  from  behind  the  hinder  end  of  the  kidney,  E,  to  the 
hinder  end  of  the  abdomen.  In  the  Porpoise  it  forms  a mass  of 
reticulate  veins  upw.irds  of  an  inch  in  thickness : it  is  fed  by  the 
caudal  veins,  n,i,  c,  d,  behind,  and  laterally  by  from  five  or  seven 
veins  which,  returning  blood  from  the  dorsal  and  lateral  parietes 
of  the  abdomen,  i)ierce  the  lateral  abdomin.il  muscles  to  join  the 
l)lexus  at  e,  e.  At  the  mesial  m.irgin  the  psoadic  plexus  communi- 
cates by  many  and  wide  apertures  with  the  iliac  vein ; and  anteriorly 
with  veins  of  the  diaphragm  or  ‘phrenic  plexuses’  which  con- 
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verge  to  terminate  at  o,  o,  in  the  postcaval  trunk.  The  non- 
valvular  structure  of  tlie  veins  in  Cetacea,  and  the  pressure  on 
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these  reservoirs  of  blood  at  the  depths  to  which  they  retreat  when 
haq>oone<l,  e.xplain  the  profuse  and  lethal  haemorrhage  which 
follows  a wound  that,  in  other  Mammalia,  would  not  be  fatal. 

In  the  Ungulates  a left  azygos  co-exists  with  a single  (right) 
precaval.  In  the  Hog  the  azygos  trunk  passes  forward,  left  of  the 
aorta,  cra«sing  that  ve.ssel  below  the  arch  and  curving  over  the 
left  auricle,  and  enters  the  right.  Hunter  notices  its  attachment 
to  the  left  auricle  and  its  analogy,  in  both  the  Hog  and  Fallow- 
deer,  to  the  left  precaval  in  Birds.'  In  the  Corinne  Antelope  (A. 
Dorctis)  Hunter  observed  ‘two  azygos  veins,  the  left  being  the 
larger’ a right  azygos  exists  in  the  Ox,  and  is  larger  in  the  Horse, 
receiving  blood  from  several  of  the  left  intercostal  spaces.  The 
oblique  vein  at  the  back  of  the  left  auricle  is  large  in  the  Drome- 
dary and  Tapir,  and  represents  the  remnant  of  a left  azygos.  The 
]x)rtal  vein  .shows  valves  in  some  Ruminants.  In  the  Rhinoceros 
the  right  precaval  receives  the  right  or  common  azygos  close  to 
its  termination  at  the  upper  part  of  the  right  auricle : two  inches 
above  this  it  receives  the  right  vertebral  vein  which  is  about  half 
an  inch  in  diameter ; two  inches  above  this  it  is  formed  by  the 
junction  of  the  left  brachiocephalic.  At  the  concavity  of  the  great 
vein  formed  by  this  junction,  the  bronchial  veins  and  s<jme  small 
pericardial  veins  enter.  The  upper  j>art  of  the  precaval  receives 
the  two  large  jugular  veins  close  together,  so  that  a pro[»er  ‘ vena 
innominata  ’ can  scarcely  be  said  to  be  formed.  The  left  vena 
azygos,  which  is  formed  by  the  union  of  a few  intercostal  veins 
of  the  same  side,  terminates  in  the  left  subclavian  vein,  which  re- 
ceives separately  the  left  vertebral  vein  from  the  neck.  The 
right  or  princij)al  azygos  receives  the  intercostal  veins  of  lK)th 
sifles  as  far  forwards  as  its  entry  into  the  precaval  vein : the 
Rhinocenw  in  this  structure  agrees  with  the  Horse.  The  coro- 
nary vein  receives  a small  pcricanlial  vein,  which  descends  along 
the  back  of  the  left  auricle,  before  it  terminates  with  the  inferior 
cava,  at  the  base  of  the  right  auricle. 

With  the  relatively  long  and  narrow  thorax  of  the  hoofc<l  and 
most  other  Mammals  the  pre-  and  jxjst-caval  trunks  are  correspond- 
ingly longer  than  in  Man ; the  length  of  the  thoracic  part  of  the 
post-caval  being  as  is  the  distance  of  the  right  auricle  from  the  dla- 
jihragm,  and  also  from  the  dorsal  region : the  base  of  the  heart 
being  further  from  the  back  as  well  as  from  the  midriff  than  in 
Man. 

In  Carnivora,  Quadrumana,  and  liimanu  the  blood  from  the 
* cocxxTi.  Tol.  ii.  pp.  124,  140.  * Il>.  p.  147. 
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licafl  and  pectoral  limbs,  and  intercostal  spaces  is  poured  bv  a 
sin<rle  prccaval  into  the  auricle.  The  lower  intercostal  veins  of 
the  left  .side  unite  to  form  a henii-azygos  which  joins  the  right  or 
main  a/.ygos  vein.  The  plexifonn  disposition  of  the  veins  con- 
tinues in  those  surrounding  the  myclon  up  to  and  including  Man. 
The  diploic  jilexu-scs  are  the  networks  of  veins  which  exist  in  and 
among  the  cancellated  tissue  of  the  bones.  In  those  of  the  cranium 
they  form  large  irregular  meshes  of  ampullated  veins.  These  ves- 
sels arc  very  unequal  in  size,  are  subject  to  dilatations,  and 

frequently  end  in  culs-tie-xar. 
In  the  looser  texture  of  the 
vertebral  centrums  a vertical 
section,  as  in  fig.  428,  ex- 
poses the  anterior,  a,  and 
jwsterior,  b,  portions  of  the 
myclonal  plexus  ; the  trans- 
verse channel  of  anastomosis, 
c,  with  the  ‘sinus  centri,’ d, 
which  bifurcates  to  unite 
■with  the  ‘ vena  superficialis 
centri,’  e.  Many  veins  within 
the  cranium  are  included  in 
spaces  formed  by  the  separa- 
tion of  the  laminas  of  the 
dura  mater,  and  do  not  admit 
of  being  dilated  beyond  a 
certain  size  : these  ‘ sinuses  ’ 
empty  themselves,  in  Marsu- 
pials and  Ruminants  and  some 
other  quadrupeds,  into  tem- 
poral veins,  as  well  as  into 
tl>e  internal  jugulars  ; but  in 
Caniinora,  Quadrumana,  and 
Man,  almost  wholly  into  the  internal  jugular  vein. 

In  all  Mammals  may  be  found  the ‘superior  longitudinal  sinus,’ 
fig.  429,  s,  uniting  at  t,  the  ‘ torcular  Hero])hili  ’ with  the  lateral 
sinuses,  e.  Besides  these  are  the  smaller  ‘ petro.sal  sinuses,’ 
superior  and  inferior,  and  the  ‘ cavernous  sinuses  ’ which  are  re- 
servoirs of  venous  blood  on  each  side  of  the  sella  turcica,  crossed 
by  interlacing  sclerous  fibres.  The  cavernous  sinuses  communi- 
cate with  each  other  by  the  ‘ circular  sinus,’  and  also  with  the 
petrosal  ones  by  the  ‘ transverse  sinus.’  All  the  sinuses  are 
devoid  of  valves,  and,  by  their  freedom  of  intercommunication. 


428 


M]‘cl«'>nal  and  dUdoSr  venous  plexus  and  sIdua  : Human 
lumbar  vrrcobna. 
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and  hindrance  to  dilatation,  prevent  any  local  congestion  of  blood 


pressing  m>on  the  brain. 

§ 350.  Spleen  of  Mammalia.— 
the  bloodvessels,  some  change 
their  tubular  for  a lacunar  or 
cellular  form  in  certain  parts, 
where  the  blood  undergoes,  or 
receives  elements  of,  change ; 
such  parts,  resembling  ‘ glands,’ 
are  so  called,  with  the  qualifying 
epithets  of  ‘ vascular’  or  ‘ duct- 
less.’ Of  these  ‘ vasoganglions’ 
the  chief  is  the  spleen. 

In  Mammals  this  organ  is 
relatively  larger  than  in  lower 
Vertebrates:  it  is  mainly  ap- 
jiendcd  to  the  artery  that  sup- 
jdies  the  pancreas,  with  the  left 
end  of  which  gland  it  is  in 
close  connection,  and  conse- 
quently lies  to  the  left  or  be- 
hind the  stomach,  to  which  it  is 


As  with  the  absorbents,  so  with 

429 


attached  by  the  fold  of  perito-  vcTiouiiiiii)ii»o«urdunim.it<T,  rrnmiH-iiimi.  nuinnp. 
ncum  noted  at  p.  500.  This 

membrane  covers  the  whole  spleen,  except  the  ‘ liilus,’  where  its 
two  folds  support  the  splenic  vessels  and  form  the 


‘ gastro-splenic’  ligament  The  serous  tunic  is  less 
intimately  adherent  to  the  fibrous  or  proper  capsule 
in  most  lower  Mammals  (Ruminants,  e.g.)  than  in 
Man  ; where  the  separation  only  takes  place  at  the 
hilus.  The  proper  coat  consists  mainly,  and  in  Man 
wholly,  of  white  and  yellow  fibres,  the  former  ar- 
ranged in  bands,  the  latter  in  an  irregular  network. 
With  these  are  blended,  in  some  lower  Mammals 
(Dog,  Pig,  e.g.),  filamentary  fusiform  bodies  with 
a nucleus,  fig.  430,  a,  called  ‘ fibre-cells  of  un- 
striped muscle’  in  CCVlii".  The  fibrous  tunic  is 
reflected  into  the  interior  at  the  hilus,  in  the  form 
of  sheaths  accompanying  the  vessels,  most  comjdete 
in  the  human  spleen : from  the  exterior  of  w Inch 
sheaths,  and  more  abundantly  from  the  inner  sur- 
face of  the  proper  capsule,  arc  sent  off  white  el.astic 
‘ trabecular’  bands,  which  form  a reticular  l»ed  for 
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the  proper  tissue,  throughout  the  whole  organ.  This  tissue  con- 
sists of  the  ‘ lieninc’  or  spleen-substance  and  of  ‘ splenic  corjms- 
clcs.’  If  a portion  of  the  trabecular  tissue  be  treated  with  acetic 


431 


Tra>M*ru1tt  fr>>m  of  a |*tg: 

miMtn.  Uiaiii.  ucviii”. 


acid,  muscular  fibre-cells  may  be  seen, 
as  at  a',  with  their  nuclei  h,  intermixed 
with  the  yellow  elastic  fibres  c,  fig. 
431.  The  demonstration  is  easiest  in 

432 


or  ‘MnlplKlilnit*  »,  on  bniiirli(*« 

«>f  an  art4‘rlolc : from  (be  «i>lecu  of  Uie  i'lg, 
u«gu.  lu  dlaiu.  ccvili". 


the  most  delicate  plates  of  the  trabecular  tissue,  especially  in 
quiidrujieds.  The  splenic  corpuscles,  fig.  432,  c,  c,  arc  whitish 
spherical  bodies  imbedded  in  the  ‘lienine;’  most  constant  .and 
conspicuous  in  ruminant,  equine,  and  some  other  quadrupc<l.<  ; 
le.ss  conspicuous,  or  wanting,  in  sidult  human  spleens,  especially 
after  lethal  disease.  They  are  elliptical,  averaging 
^ one-sixth  of  a line  in  diameter,  and  are  attached  by 

« short  peduncles  to  splenic  arterioles  the  pediin- 

@ being  continuous  with  the  sheaths  accomjiany- 
04  those  vessels.  Treated  with  a little  dilute 
'ey  alkali,  the  proper  wall  of  the  cor[>uscle,  fig.  417,  a, 
i^™icn"c  is  rendered  more  distinct,  and  the  elastic  fibres  of 
3>ud”»nl''OTnr same,  b,  may  be  seen,  in  connection  with  the 
branch  of  the  arteriole  c,  to  which  it  is  appended. 
The  cor[iuscular  capsule  is  filled  by  a semi-fluid  greyish  mass, 
including  nucleated  corpuscles,  fig.  433.  They  have  suggested 
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many  hyjwtheses,  their  compari.son,  by  Kolllker,  to  the  cells  in 
the  sinuses  of  lynijihatic  ganglions,  appearing  to  be  most  accept- 
able. The  ‘lienine’  is  a soft  mass,  in  colour  passing  from  reddish- 
brown  to  bright  red  on  exposure  to  air,  filling  up  all  the  interstices 
between  the  larger  partitions  and  vessels.  It  consists  of  fine 
blooilvessels,  lienine  cells,  delicate  fibres  or  bands,  and  blood  in 
various  states.  The  lienine  cells,  fig.  434,  vary  in  size  from 
.jJf-th  to  1 0^5 6^^  ^ colour,  with  a dark 

nucleus ; with  them  are  cells  with  smaller  corjmscles,  caudate 


coq)uscles,  and  free  nuclei;  all  exemplifying 
the  size-limiting  or  shape-inducing  property  of 
the  viscid  materials,  proteine  and  inyeline,  under 
the  reaction  of  albumino-serous  solution  : falla- 
ciously suggesting  the  ‘continuous  process  of 
cell-growth  by  which  new  cells  are  formed 
around  nuclei,  and  old  ones  disa|)pear as  also 


£l«*mrntar7  forma  of  aui^ 
atanrp  in  lirutb^.  <ix; 
ma«.  asti  dUtti.  ccriii'*. 


the  ‘ development  of  bhH)d-<liscs  within  cells.’  ’ The  figures  433 
and  434  merely  exemplify  some  among  the  manifold  forms  under 
which  colloid  elements  aggregate  in  definite  spaces,  under  such 
influences  as  the  s[)ougy  reservoir  of  the  spleen  affords. 

The  splenic  artery,  especially  wdien  the  ‘ pancreatica  magna  ’ 
and  other  branches  to  the  pancreas  are  not  called  uj>on  to  suj)ply 
materials  for  the  energetic  and  fitful  action  of  that  gland,  must 
fxiur  more  IjUkkI  into  the  splenic  reservoir  than  is  needetl  for  the 
mere  nutrition  of  the  organ,  and  consequently  the  bhxxl  must 


there  undergo  change.  But  the  spleen  receives  t<xj  small  a pro- 
]K)rtion  of  the  circulating  mass  to  have  any  definite  influence  on 
the  manufacture  or  general  condition  of  bl<x)d.  Such  changes  as 
are  effected  in  the  splenic  locality  more  probably  relate  to  the 


functions  of  the  gland  to  which  the  altered  bhx)d  is  exclusively 
carried : and  it  is  to  be  noted  that  the  sj)lenic  vein  is  the  largest 
of  the  constituent  channels  of  the  jwrtal  one.*  The  most  signifi- 


cant fact  in  the  Comparative  Anatomy  of  the  spleen  is  its  corre- 
lative development  with  the  pancreas  and  its  reception  of  bhxxl 
from  the  termination  of  the  artery  mainly  supplying  the  pancreas 
in  its  course  to  the  spleen. 


' ccnit".  p.  781. 

’ Ib.  p.  782,  531,  632.  Th<  so,  and  the  fipurrs  529.  530,  represi-nt  nothing 

S|xvifically  distinct  fn>m  the  rc-sulta  of  fomiifactiun  under  similar  conditions  in  other 
lomlitics  both  in  and  ont  of  the  living  Ixxir. 

’ The  snppljr  of  the  colouring  matter  of  the  bile  from  tnematin  eet  free  in  the 
Bpleen  has  been  nutn^ested.  Extirpation  of  the  Bplten  chiefly  affects  the  biliary  ix-cro- 
tion.  The  condition  of  the  epleen  in  Uamutucrya  negatives  its  being  the  s»-at  of  the 
manufacture  of  bhxxl-corpuscles. 
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In  tlic  Omithorhynchus,  the  gplecn,  fig.  308,  u,  u,  is  relatively 
large,  and  consists  of  two  Kibes  bent  ujKin  each  other  at  an  acute 
angle : the  anterior  and  right  lobe  is  four  inches  long,  the  p<isteri  >r 
and  left  lobe  two  inches  and  a half;  the  right  lobe  is  bent  upon 
itself.  The  artery  of  the  pancreas  is  continued  from  the  left  end 
of  that  gland  into  the  base  of  the  spleen  liefjre  its  bifurcation. 
In  the  Lchidna,  besides  the  two  lobes  which  are  continued  for- 
wards from  the  left  side,  there  is  a third  shorter  descending 
appendage.  The  lobes  are  thin  and  motlerately  broad  in  both 
Monotremes.  The  Marsupialia  repeat  the  bent  or  bilobed  cha- 
racter of  the  spleen  as  shown  in  that  appended  to  the  loft  end  of 
the  stomach  of  the  Pliascogale,  fig.  309.  In  the  great  Kangaroo 
( Mncro/iH.s  major)  I found  the  main  Ixxly  of  the  spleen  ten  inches 
long,  and  the  rectangular  process  six  inches;  both  jiarts  were 
narrow  and  thin. 

In  Lisxencrphala  the  sideen  presents  a more  sim[ilc  form, 
oblong,  flattenctl,  fig.  323,  / {lilii/nclioci/on),  with  one  end  in 
contact,  and  having  the  usual  vascular  relation  with  the  pan- 
creas, ib.  p.  The  spleen  is  relatively  longer  and  narrower  in  the 
Mole  and  Hedgehog  : it  is  a thin  elongate  body,  hHisely  sus- 
jiendcd,  in  the  Squirrel,  where  it  lies  to  the  left  of  the  epiploon, 
as  in  the  Marmot:  it  follows,  similarly  suspended,  the  great 
curve  of  the  stomach  in  the  Mole-rat  (^Dathi/erpus),  being  thickest 
at  the  left  and  upper  end : in  the  common  Il.at  the  spleen  has  an 
oblong  triangular  form:  in  the  Vole  it  is  broader  at  the  lower 
than  at  the  ujipcr  end ; in  Capromps  it  has  an  elongate  trihedral 
form,  broadest  at  the  lower  end:  in  l.apostomns  the  spleen  is 
triangular,  with  the  upper  and  anterior  angle  most  produced.'  It 
varie.s  from  the  round  to  the  oblong  shape  in  the  Porcupines  and 
Agoutis,  an<l  occasionally  a small  detached  spleen  is  added,  in 
the  ei»i])loic  suspending  duplicature.  Hunter  notes,  in  the  Capy- 
bara,  the  close  resemblance  of  the  spleen  in  shape  to  that  of  Man;’ 
and  it  is  le.ss  elongate  than  usual  in  the  Guinea-iiig.  In  Ltporula: 
it  resumes  its  narrow  elongated  figure.  In  Dasypus  Feba  the 
sjileen  is  elongate  and  three-sided  ; I found  it  2^  inches  in  length  ; 
in  contact  with  the  paiicrea.s : in  Das.  C^-cinctus  the  sjilcen  is 
broader  and  flatter,  and  there  wiis  a small  sujiplemental  sjileen  in 
my  subject.’  In  the  three-toed  Sloth  the  spleen  is  an  inch  in 
length,  oblong,  thickest  at  the  lower  end,  suspended  in  the 
epi]ilodn:  in  the  two-toed  Sloth  it  is  almost  round,  flat,  and  thin, 
and  closely  attached  to  the  second  compartment  of  the  stomach, 

' tcxii".  p.  176.  ’ ccxxxvi.  vol.  ii.  p.  213.  • cxxnu".  pp.  US,  1.57. 
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but  in  contact  with  the  pancreas.  In  some  Cttnrea  the  spleen  is 
remarkable  for  its  subdivisions;  the  largest  in  the  1‘orjHjise,  fig. 
3.54,  equals  a walnut,  // ; the  others,  to  the  number  of  four,  five, 
or  si.x,  ib.  i,  /,  are  of  much  smaller  size;  in  the  Whales  (lialte- 
noptrra)  the  spleen  is,  usually,  single,  but  smaller  relatively.  In 
Sirenia  it  apjKjars  to  be  alw.ays  undivided ; presenting  an  oval 
form  in  the  Dugong,  and  measuring  inches  in  length  and  1 4 
inch  in  breadth. 

In  the  Elephant  the  spleen  is  long  and  flat;  it  measureil  in  a 
half-grown  Indian  kind  .3  feet  10  inches,  its  extreme  breadth 
l>eing  8 inches. 

In  the  llyrax  the  spleen  is  broad,  flattened,  semilunar,  with 
occasionally  a narrow  process  from  its  middle,  like  a handle:  its 
length  is  2 inches,  its  breadth  1 inch.  In  the  Hhinoccnis  the 
spleen  is  elongate,  subtrihedral : in  my  male  subject  it  ineasurctl 
in  length  3 feet  6 inches, and  I foot  4 inches  in  greatest  breadth.' 
The  sjileen  is  elongate,  and  flattened  in  the  Horse,  broiulest  at  the 
iipjter  end.  In  the  Wart-hog  ( Phacochtmti)  the  spleen  is  a long 
flattened  ellijisoid  Ixsly,  11  inches  in  length,  and  inches  acnjss 
its  broadest  part,  which  is  at  the  midtile.’  The  sitleen  has  a similar 
fonn  in  the  Babyniussa  (Sus  Babprussn):  in  the  common  IIf>g  it 
is  elongate  and  trihedral.  The  spleen  is  elongate  ami  flattened  in 
all  Hurainants;  the  inner  edge  is  sometimes  attached  to  the 
crura  of  the  diaphragm:  it  is  bro.ader,  at  one  end,  in  the  Cow, 
Keindeer,  and  Girafl'e,  than  in  other  Ruminants.  In  one  (iiraft’e 
the  spleen  was  10  inches  long,  ami  7^  inches  broad:  in  another 
of  the  same  .stature  it  was  9 inches  long,  and  5 inches  broad; 
in  lM)th  of  an  oval  fonn,  and  not  more  than  1*  inches  at  the 
thickest  part.’ 

If  a sjileen  Ite  injected  with  alcohol  and  hanlened  therein  pre- 
vious to  section,  the  iutertrabccular  spaces  are  seen  to  be  larger 
in  Uiiijulata  than  in  Caniicora.  In  the  Horse  such  spaces  arc 
then  seen  to  intercommunicate  by  circular  apertures. 

In  a .Seal  {Phoea  vitulina)  I found  the  spleen  a flattened  bisly 
with  an  irregidar  notched  margin,  measured  5i  inches  in  length. 
It  was  attache*!  to  the  epiploiin  in  such  a manner  that  it  could  be 
drawn  away  for  some  distance  from  the  stomach,  and  in  the  inter- 
vening membrane  were  .situated  a number  of  small  d.ark  glan<lular 
lx)dies  from  the  size  of  a horse-bean  t*)  that  of  a pea,  resembling 
the  omental  splcnules  in  the  Porjioise:  these  were  not  found  in  a 
second  sj»ecimen. 

In  asetter-<log  the  spleen  was  oblong,  10  inches  long  by  3 inches 

' v'.  p.  14.  ’ ccxiii".  p.  S8.  ’ xcni".  p.  2'2S. 
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at  the  In-oadeFt  part : its  serous  coat,  as  in  most  qiiadrujmls,  is 
dcrivetl  from  l)oth  layers  of  the  epiploon,  which  arc  reflected  from 
one  margin  to  the  stomach,  and  by  the  opposite  to  the  dr>rsal 
alHlominal  walls.  In  the  Felines  the  spleen  commonly  pre.sent.s 
an  elongate,  trihedral  form,  attached  to  the  stomach  hy  the  diipli- 
catnre  extended  from  the  angle  fonned  by  the  meeting  of  the  two 
les.scr  sides. 

In  the  Aye-aye  the  spleen  is  an  elongate,  trihedral  IkkIv,  bent 
at  nearly  a right  angle  njKm  itself,  the  lower  jwrtion  being  nearly 
half  the  length  of  tlie  upper  one ; it  is  suspendcrl  in  the  epiphnin 
at  the  left  and  lower  curve  of  the  stomach.  The  spleen  j)rescnts 
•a  like  shajKs  and  jHisition  in  the  Lemurs:  hut  is  less  bent  in 
I^mnr  ^^onf/oz.  The  spleen  is  elongate  and  straight  in  Platyrhino 
Monkeys;  it  becomes  broader  and  thicker  in  Catarhines:  it 
shows  a subtriangular  form  in  the  Baboon  (Pnpio  jtorcaritii), 
where  one  angle  is  attached  to  the  stomach,  another  to  the  kidney, 
and  a third  projects  freely  into  the  epiploon : in  tailless  .\pes  the 
spleen  more  resembles  in  .sha])c,  att.achments,  and  in  the  source  of 
its  serous  investment,  that  of  Man. 

The  loose  nature  of  the  suspension  of  the  spleen  somewhat 
affects  the  value  of  the  remarks  on  its  various  positions  in  Mam- 
malia, given  in  xii.  tom.  iv.  pi.  ii.  p.  617,  where  it  is  saifl  to  be 
near  the  pyloric  end  of  the  stomach  in  a Nyctinomc  and  a Noctilio, 
a IMiyllostome  and  a Megaderm  among  Bats,  while  in  other 
species  of  these  genera  it  was  found  nearer  the  cardia : in  a 
Vespertilio  and  li/iiiinhipliHS  it  was  observed  to  be  bent  round  the 
great  curvature  of  the  stomach.  In  Pteropus  and  Galeopithecus 
the  spleen  retains  its  common  position  applied  to  the  canlia:  it  is 
relatively  smaller  in  frugivorous  than  in  insectivorous  and  sangui- 
vorous Bats,  but  is  generally  long  and  narrow:  it  is  triangular  iii 
Gnlcopithrcus.  In  Insrctivora  the  spleen  is  loosely  susjiendo<l 
in  the  epiploon  from  the  cardi.ac  cul-de-sac  ; it  is  relatively  largest 
in  the  more  carniviwous  of  the  order,  e.g.,  the  Tenrecs. 

The  spleen  is  larger  in  the  omnivorous  and  (iua«i-canuvorous 
Bodents,  e.g.,  the  Rats,  than  in  the  vegetarian  majority  of  the 
order:  it  is  relatively  larger  in  (rtnoVoru  than  in  Utiffiihitn.  The 
amount  of  hydro-carlsmates  to  be  eliminated  by  the  liver  woidd 
8C(an  to  influence  the  ca|)acity  of  the  alterative  rccejttaclc  of  the 
great  projKtrtion  of  the  bl(K)d  which  is  supplied  to  the  bile-making 
«>rgan.  With  reference  to  the  hy[M>thesis  of  .sanguifaction  it  may 
he  remarked  that  in  no  Mammalian  order  is  the  mass  of  1>1<hk1  s<t 
great,  or  so  full  of  blood-tliscs,  as  in  the  Crtarro’,  yet  in  them  the 
spleen  has  its  least  relative  size. 

N 
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§ 351.  Thtjroiil  of  Mammolin.  — T\\c  representative  liefrinninjrs 
of  the  va.«oj'an<;lioii  eominonly  known  as  the  ‘ tliyrtiid  glan<l  ’ 
are  noticed  in  vol.  i.  p.  564  (Fi.shes,  Reptiles),  and  in  vol.  ii. 
|).  230  (Birds):  hut  this  organ  is  recognLsahle,  without  am- 
higuity,  only  in  the  jireseut  class.  Here  it  is  locally  relate<l  to 
tlie  windpi|>c,  and  has  received  its  name  from  its  pro.\iniify  to 
the  shield-shajKHl  cartilage  of  the  laryn.x  in  the  human  subject. 
It  consists  of  a pair  of  oblong,  rounded  masses  ; in  some,  espe- 
cially higher  gyrencephalous  Mammals,  united  a«  in  Man  by  a 
transverse  band  of  like  substance  crossing  the  sternal  aspect  of 
the  air-tube. 

The  proj>cr  tunic  of  the  thyroid  is  a thin  layer  of  con<lensc<l 
.areolar  ti.ssue,  from  the  inner  surface  of  which  pr«x;ee<l  septal  or 
tral»ocular  pnK’es.ses,  partitioning  its  substance  into  lobules,  and 
ultimately  into  minute  bags  of  vesicles.  The  analogy  to  the  struc- 
ture of  the  spleen  is  close,  but  the  frame-work  is  much  less  dense 
and  fibrous  : and  the  vesicular  structure,  instead  of  receiving  the 
bI<Ksl  directly,  is  filled  with  a solution  of  fibro-albuminoid,  jiro- 
teiue,  or  myeline  substance  derived  therefrom.  The  quantity  of 
blood  .sent  to  the  thyroid  is  much  more  than  would  be  needed  for 
mere  nutrition : it  is  derived  from  arteries,  not  constantly  rising 
just  beyond  the  ]>oints  where  the  arteries  to  the  brain  arc  given 
off  from  the  large  trunks,  but  varying  according  as  the  length  of 
the  neck  in  Mammals  may  affect  the  relative  jK>sition  of  the 
thyroid  to  those  trunks : thus  in  the  Giraffe  and  most  Ungulates 
the  arteries  supjdying  the  thyroids  come  off  from  the  contiguous 
part  of  the  carotids.  There  may  be  two  or  three  branches  from 
the  cfimmon  carotid  (Lutra)-,  and  the  distinction  between  ‘ lower 
thyroid  arteries’  from  the  subclavian,  and  ‘ upjicr  thyroid  arteries' 
fn>m  the  cctor-arotid,  hardly  begins  to  be  established  before  the 
Qiiadrumanous  order  is  reached.  The  ultimate  ramifications  of 
these  arteries  form  close-meshed  plexuses  up<m  the  limitary  mem- 
brane or  capsule  of  the  vesicles ; such  capillaries  present  a diameter 
of  from  inch.  The  blood  is  returned  by 

veins  joining  in  most  Mammals  the  external  jugular;  and  in 
Quailruinniia  and  Man  the  internal  jugular : but  with  varieties  in 
this  respect. 

The  effect  of  ‘ formifaction,’  or  a.ssuinption  of  shajK?  and  defin- 
able size,  by  the  ‘ colloid,’  ‘ proteine,’  or  ‘ myeline  ’ elements  of 
the  solution  filling  the  thyroid  vesicles,  is  shown  in  the  sections  of 
such  from  the  lIe<lgehog.  fig.  435,  and  the  Bullock,  fig.  437, 
and  in  portions  of  such  lining,  or  adherent  formed  matter,  from 
the  thyroid  vesicles  of  a Rabbit,  fig.  436.  In  these  instances 
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the  forms  have  hecn  descrihcd  as  ‘ an  epithelial  stratum,  con- 
sisting usually  of  nuclei  set  closely  together  in  a scanty  basis 
siibstauce,  fig.  4.35,  which  is  either  feebly  granular  or  of  a 
somewhat  oily  a.spect : ’ ‘ their  nucleoli  are  not  always  visible, 
and  vary  in  number  from  one  to  four  or  five.  The  nuclei  are 
always  vesicular,  bounded  by  a strongly  marked  envelo|>e,  and 
have  a mean  diameter  of  jT^jj-^th  inch.’ ' But  the  formed  lining 


Ponnin<^  I»rnirli»r.  lining  a ve»lr|c  lb.  flabbU  PormlllcU  ^^>r^lne.  Ilninff  tbyroM 

tbe  ibyrold.  Hedgehog,  oix^xxtx.  Bulitvek.  ccr.TXix. 


substance  often  presents,  as  in  figs.  435  and  437,  the  condition 
of  delicate  vesicles,  without  nucleus,  with  contents  mostly  {>ellucid, 
sometimes  faintly  granular.  Dr.  Jones  observes ; — ‘I  am  inclined 
to  believe  that  they  originate  in  the  nuclei,  which  undergo  a kind 
of  expansion,  at  the  same  time  losing  their  nucleoli.’  Emanci- 
pating himself  for  a moment  from  the  ‘generative’  theory  in 
reference  to  the  ‘ progress  of  the  nucleus  from  its  primitive  con- 
dition to  a further  stage  of  cell-development,’  he  candidly  admits 
it  to  be  ‘ worth  remarking  that  it’  (the  stage)  ‘ may  be  artificially 
produced  by  adding  to  the  specimen  some  coagulating  reagent, 
which  speedily  solidifies  a film  of  albuminous  plasma  around  the 
nuclei,  and  thus  produces  very  good  imitations  of  cells.’  * 

Analyses  of  the  contents  of  the  thyroid  have  shown  or  rendered 
it  very  probable  that  they  arc  albuminoid,  yet  not  in  the  state  of 
ordinary  fluid  albumen,  and  that  gelatine  is  sometimes  an  in- 
gredient; among  the  salts  are  chloride  of  sodium  and  a trace  of 
alkaline  sulphate:  crystals  of  triple  phosphate  and  of  oxalate  of 
lime  occur  in  the  cavities.® 

In  the  Ornit/wr/ij/nchus  two  bodies,  extending  between  the 

* ccLXxrx.  f*.  llOi. 

* IK  p.  1 U>5.  Fop  the  conditions  and  dcgroc  in  \rhich  this  and  most  other  pheno- 
nomona  of  so-calWsl  ‘ adl-dt  vrlopment  ’ may  !>o  artificially  manifesUti,  see  crix"  and 
eex",  csp<-oially  the  latter  imjKjrlant  contribution  to  the  philosophy  of  physiologj*. 

* CCLXIX.  p.  1106, 
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scapula  and  humerus,  covered  by  the  ])anniculus  carnosua  and 
the  trai>eziu8,  present  a reddish  colour,  a lobulated  structure,  and 
j)retty  firm  texture,  and  seem  to  represent  the  thyroids.  These 
are  in  more  constant  relation  to  the  windpipe,  in  Marsupials : 
they  arc  two  disunited  bodies  in  the  Dasyurcs  ; eiich  ])rcsenting 
the  size  of  a horse-bean  in  the  Das.  macrurus.  They  were  of  the 
same  size  in  a Phalanghta  fulhjinosa,  but  were  united  by  a fila- 
mentary strip  ])a8sing  between  their  lower  extremity,  across  the 
first  tracheal  ring.  In  the  Wombat  I found  two  elongated  thyroid 
bodies  of  a dark  colour  reaching  from  the  thyroid  cartilage  to  the 
seventh  tracheal  ring  on  each  side,  lu  the  Koala  they  were 
situated  lower  down,  extending  from  the  fourth  to  the  ninth  or 
tenth  tracheal  ring. 

The  thyroid  is  relatively  small  in  the  Kangaroo.  It  presents 
more  nonnal  proportions  in  Rodents,  but  is  connected  by  very 
lax  areolar  tissue  to  the  trachea.  Each  Innly  is  elongate  and 
almost  cylindrical,  but  expanding  at  the  lower  end,  where  they 
are  joined  by  a thin  hand,  in  the  Hare  and  Rabbit.  The  uniting 
band  is  thicker  and  rounded  in  Rats  and  Marmots  ; but  np|>cars 
to  be  wanting  in  Geoinys  and  liat/n/ergus.  The  thyroitl  b«xlies 
are  commonly  ununited  in  Cheiroptera.  They  lie,  similarly  de- 
tached, but  low  down,  opjxtsitc  the  sixth  and  seventh  tracheal 
rings,  in  the  Elephant.  They  are  also  separate  and  more  remote 
from  the  larynx  in  Delphinidee.  Cuvier  notes  them  as  rounded 
and  separate  in  the  Hgrax.^  In  the  Rhinoceros  I found  them 
joine<l  together  by  a very  thin  and  narrow  strip  continued  be- 
tween their  hinder  ends,  obliquely  across  the  trachea.  Each 
b<Kly  was  elongate,  subtriangular,  extending  from  the  sides  of  the 
larynx  to  the  fourth  tracheal  ring,  and  diminishing  as  they 
descended : a small  compact  yellow  boely  was  attached  to  the 
thyroid  at  the  jwint  of  emergence  of  the  vein.  In  the  Horse, 
also,  I find  the  thyroids  connected  by  a slender  band  crossing  the 
second  tracheal  ring:’  each  bo<ly  is  egg-shaj)cd  and  united  about 
one-third  from  the  lower  end.  The  thyroids  arc  relatively  smaller 
in  the  Ass,  but  arc  similarly  united  to  each  other. 

In  the  Llamas  (Auehenia)  the  thyroids  are  oval,  with  the  great 
end  downward,  extending  from  the  side  of  the  thyroid  cartilage 
to  the  third  tracheal  ring,  where  they  arc  connected  together 
by  a filamentary  band : this  band  is  relatively  broader  in  the 
true  Ruminants,  in  most  of  which  the  thyroids  have  a more 

* I rf*frrct  that  I omitU*d  to  not#*  tho  condition  of  tho  thyroid  in  cuii". 

* Cuvier  deacriiiea  them  a«  ‘ t’iUi6remont  K^*pnrc»,  ct  situca  bicn  auHlea.'wjua  du 
larynx.*  xii.  tom.  riii.  p.  677. 
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elongate  f’omi.  In  Ik'urs  the  tliyrokls  are  joined  by  a long  slender 
band  at  their  lower  ends.  In  Felines  the  uniting  band  aj^iears 
to  beeoinc  longer  and  more  slender  by  age,  and  sometimes  dis- 
apjiears.  Cuvier  notes  three  di.stinct  eonneeting  bands  in  a Civet- 
cat,'  and  two  such  hands  in  a Marmoset  monkey.  In  the  Aye- 
aye  the  thyroid  bmlies,  elongate,  triangular,  and  flattened,  lie 
u|M)ii  the  sides  of  the  second  to  the  seventh  tracheal  rings  in- 
clusive, and  are  devoid  of  connecting  transverse  strip.*  In  most 
Qitndruinana  the  thyroids  arc  united,  but  by  a longer  and  narrower 
band  or  • isthmus  ’ than  in  Alan.  In  him  the  thyroid  borlies  arc 
not  only  relatively  large,  hut  arc  united  by  an  ‘isthmus’  .so  bn>ad 

as  to  usually  c.xtend  acn^ss 
two  or  more  upper  rings  of  the 
trachea;  moreover,  a jirocess 
extends  from  the  up[>er  part 
of  the  isthmus,  a.s  the  ‘ py- 
ramid ’ or  ‘ mesial  column,’ 
which  in  some  subjects  reaches 
to  the  hyoid  bone.  Many 
varieties  have  been  noted  in 
the  human  thyroid.  Some- 
times the  isthmus  is  absent. 
a.s  normally  in  certain  lower 
Mammalia ; and  sometimes 
there  is  more  than  one  pyra- 
midal or  ascending  proces.*. 

§ 3.')2.  ThifinHs. — Thislxxly 
is  distinguished  from  the  thy- 
roid by  its  wide  central  ca- 
vity. and  by  its  diminution  of 
volume  or  disappearance  after 
early  age.  In  the  Human  sul)- 
jeet,  c.g.,  at  birth  the  thymus, 
fig.  4.38,  a,  a,  may  weigh  240 
grains,  and  increase  to  270 
grains  in  the  infant  of  one  year; 
but,  with  the  development  and  exercise  of  the  muscular  system,  it 
wastes  away,  and  may  be  reduced  at  twenty-one  years  of  age  to 
a remnant  weighing  only  forty  grains.  After  twenty-five  it  is 
rare,  or  difticult,  to  discover  any  of  its  structure  left  in  the  areolar 


I 


' .MI.  tom.  viii,  p.  67-i. 

’ cii'.  p.  tl.  rtt<r»  confirms  this,  in  cixiii'’.  p.  9o,  Taf.  1,  fig.  o,  cl. 
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tissue  of  the  uiediastiuuin.  At  birth  the  bulk  of  the  gland  lies 
behind  the  manubrium,  descending  to  near  the  middle  of  the 
sternum,  and  ascending  upon  the  fore  and  lateral  parts  of  the 
trachea  to  the  thyroid.  By  dissection  the  thymus  can  be  sepa- 
rated into  two  lateral  portions,  which  are 
naturally  distinct  at  an  earlier  phase  of  de- 
velopment ; each  Lateral  part  being  a narrow 
elongated  body,  folded  upon  itself,  and  further 
resolvable  into  lobules  and  acini,  like  those  of 
a true  conglomerate  gland : but  all  the  acinal 
cavities  communicate  with  a central  reservoir, 
fig.  439,  occupied  by  a milk-like  solution  of 
albuminoid  or  proteinc  principles.  Formifac- 
tion  here  produces  ‘ corpuscles,  very  closely 
resembling  (in  fact  identical  with)  the  nuclei 
of  glandular  cells ; ’ ‘ but  presenting  more 
numerous  nucleoli:  their  form  being  for  the 
most  part  spherical.  ‘ Mingled  with  these 
I have  found  in  the  thymus  of  a Calf,  as  well 
as  iu  that  of  a young  Guinea-pig,  a few  larger 
corpuscles,  about  double  the  size  of  the  former, 
of  spherical  form,  filled  either  with  a granular 
matter  alone,  or  containing  also  a nucleus,  or  larger  vesicular 
botly.’  ’ 

The  thymus  in  Monotremes  lies  between  the  episterniim  and 
the  beginnings  of  the  ves.scls  from  the  aortic  arch.  In  a Kan- 
garoo fn>m  the  ]>ouch  Simon  found  the  thymus  on  the  |)ericardium 
with  a medial  lobe  besides  the  two  lateral  oncs.^  In  l{<Klciits  the 
thymus  consists  of  two  long  lobes  extending  from  the  base  of  the 
heart,  parallel  with  each  other,  forward,  to  the  root  of  the  neck. 
B«Klies  extending  from  this  position  to  the  posterior  mediastinum 
and  forward  along  the  cervical  vessels  to  near  the  mandible,  but 
consisting,  according  to  Simon,  of  aggregates  of  fat-vesicles, 
undergo  periodical  increase,  in  the  Marmots,  prior  to  hiber- 
nation. In  a Bat  dissected  in  March,  Dr.  H.  Jones  could 
not  detect  any  certain  homologue  of  a thymus ; but  found 
on  each  side  of  the  root  of  the  neck  a yellowish  lobulated  mass 
consisting  of  conical  lobes  defined  by  limitary  membrane:  the 
lobes  were  hollow  and  ‘ filled  by  aggregations  of  celloid  particles, 
which  were  not  manifestly  nucleated,  nor  provided  with  an  en- 
velope,'' but  consisted  of  aggregations  of  oil-tlrops  and  molecules. 
In  the  subjoined  view,  fig.  440,  of  a {wrtion  of  this  body,  magni- 

' ctrxiv".  p.  101)3.  ^ 1!(.  ’ texv".  * ccxiv'.  p.  1000. 
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fled,  only  the  jieripheral  row  was  visible,  the  rest  of  the  mass 
being  ojouiiie.  In  terrestrial  Insectietini  the  thyinus  is  less 
ambiguous,  and  consists  of  two  nearly  equal  lol>es  lying  on  the 

base  of  the  heart  and 
beginnings  of  the  great 
vessels.  In  the  Hedge- 
hog were  found  ‘ two 
roundish  masses  almost 
jireeisely  similar  to 
those  in  the  same  situ- 
ation in  the  Hat,  and 
two  broader  and  thin- 
ner ones  lying  in  the  axilla.’’  ‘ The  celloid  particles  were 
more  loaded  with  oil  than  in  the  Hat,  and  in  some  |iarts  they 
were  more  or  less  broken  up  and  the  oily  matter  diffused  in 
the  cavity.’*  In  both  eases  these  lobulated  masses  may  be  well- 
marked  miHlifieations  of  the  adipose  tissue.  In  Cetacea  a thymus 
liiLs  been  recognised  in  IJalaiia  mysticetus,  the  right  lobe  ex- 
tending over  the  aortic  arch  to  the  trachea,  where  it  terminates 
in  two  small  cornua,  the  left  lobe  being  of  smaller  size.  ‘ In  tbc 
fcetal  Doipbin  these  arc  two  large  median  portions,  ]>ericardiae 
and  tracheal,  with  dee|>-scated  lateral  comua.’’  In  a foetal 
KIcphant  the  thymus  is  a flat  mass  beneath  the  anterior  part  of 
the  pericardium,  with  a short  forwaRl  jmdongation  of  the  right 
lobe.  In  the  Rbinoccros  the  thymus  holds  a like  ]>osition,  and 
encroaches  but  a little  way  u]K)ii  the  neck.  In  the  Artiodactylcs, 
whether  ruminant  (Ox,  Deer)  or  non-ruminant  (Peccari),  the 
cervical  portions  of  the  thymus  are  more  devclojied,  often  ex- 
tending to  the  mandibular  angle.s.  The  thymus  of  the  Calf  is 
very  large  and  affords  a good  subject  for  investigating  the  struc- 
ture of  this  body.  In  Carnivora  the  thymus  has  the  usual  |>osi- 
tion  in  the  thorax,  to  which  it  is  limited ; it  soon  shrinks,  and  in 
Felines  disa])j)cars.  At  its  fullest  ]>hase  of  development  in  the 
Cat,  the  thymus  is  thick  from  before  backward,  and  its  right  ami 
left  lobes  closely  interdigitate.  Inn  young  Seal,  Simon  found  it 
in  two  symmetrical,  broad,  thickish  lobes,  extending  to  the  nmt 
of  tbc  neck,  and  ‘abruptly  terminated  by  clubbed  extremities, 
wbieh  are  deejily  grtwived  in  front  by  the  left  vena  innominata.’* 
In  most  Qaadrumana,  esjiecially  the  Catarbine  group,  the 
thymus  presents  the  same  general  shape  and  relations  as  in  the 
human  subject. 

§ 2.53.  Atlrenah. — These  IxMlies  are  be.st  developed  in  Mam- 


ccxiv".  p.  10118. 


» III. 


Digitized  by  Google 


ADKENALS  OF  MAMMALIA. 


SCO 


inalia;  ami,  in  the  Biinanoiut  order,  they  repeat,  tliougli  in  a minor 
degree,  the  relation  of  largest  relative  size  to  tlie  iininature  ))eri(Kl. 
They  arc  siihtriangular,  flattened,  with  their  base  excavated 
and  resting,  in  Man,  ujM>n  the  upper  end  of  the  kidney,  whence 
they  have  been  termed  ‘ siipra-rcnal  capsules:’  in  lower  Mam- 
mals they  arc  more  commonly  mesiad  of  the  uj)j>cr  end  of  the 
kidney,  and  not  always  in  contact  therewith : at  the  base  of  the 
part  is  a fissure  giving  issue  to  the  large  adrenal  vein.  The  sub- 
stance of  the  ho<ly  is  distinguished  by,  usiiallv  conspicuous,  ditt'er- 
ences  of  colour  into  ‘cortical’  and  ‘ medullary  ; ’ the  former,  in 
Man,  being  ycllowi.sh-brown,the  latter  reddish-brown  : the  cortical 
substance  is  also  fimicr  than  the  mcdidlary,  which  receives  more 
blood,  and  apj)carB  soon  to  dLssolve  after  death,  occasioning  the 
cavity  there  usually  found.  The  pro|)cr  areolar  capsule  sends 
incurved  processes,  localising  the  ti.ssue  into  lobes  and  lobules : 
the  ultimate  texture  of  the  cortical  substance  being  minutely 
vesicular,  the  vesicles  varying  in  size,  but  affecting  an  arrange 
ment  in  rows.  The  vesicles  arc  smallest  at  the  limits  of  the 
medullary  substance,  and  here  inclose  sj)aces  in  which  the  usual 
results  of  formifaction  more  especially  arc  met  with;  such  as  fine 
granules,  globules,  nuclei,  and  nuclear  structures,  affording  ample 
ground  for  misinterpretation  as  ‘ transitions  to  cell-develojnnent  ’ 
and  ‘ metamorphosis  to  the  cell-form,’  &c. 

Ecker  has  delineated  some  of  the  evidences  of  size-limit- 
ing, form-giving  forces,  analogous  to  those  of  crystallisation, 
in  fig.  441,  where  a is  a ‘ nucleus,’ 6 ‘nucleus  enwrapped  in 
a fine  granular  mass,’ c ‘ cell,’  4n 


d ‘ nuclear  vesicle  of  an  em- 
bryo,’ e ‘ two  gland-vesicles 
with  their  contents.’  With 
these  are  mixed  oil-globules ; 
in  greater  abundance  in  the 
adrenals  of  Lissencephaln  and 
Ctirnivoru  than  in  those  of 
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Man,  and  more  or  less  oh- 
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scuring  the  ‘ nuclei  ’ and  ‘ gland-vesicles.’  These,  in  the  Horse, 
are  smaller  and  more  spherical  at  the  ])eri|)hery,  larger  and  more 
oval  toward  the  centre,  of  the  cortical  substance,  there  offering 


the  linear  arrangement.  Gland-vesicles  also  occur  in  the  medul- 
lary substance  of  the  Horse’s  adrenals.  In  the  Ox  the  trabecular 


tissue  of  the  cortical  substance  defining  the  lobules  is  firm  and 
well-marked:  the  fatty  globules  arc  fewer  than  in  Man.  The 
gland-vesicles  are  distinct  in  the  adrenals  of  the  Hedgehog.  In 
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the  Mole  the  iulrcimls  liave  the  form  of  a three-sided  pvramld. 
In  the  Coypii  tliey  are  long  and  rounded,  of  a greyL-b-vellow 
externally;  their  medullary  structure  like  .soft  liver.  Their 
length  was  one  inch : their  situation  inesiad  of  the  upper  extremity 
of  each  kidney.  They  have  a similar  cylindrical  figure,  and  large 
relative  .size  in  the  Porcupine  and  many  other  Kodents:  they  are 
shorter  in  the  Mnrida  ; are  roundish  and  somewhat  flattened  in 
Lrporidw.  In  a young  Sloth  I found  the  adrenal  surpa-ssitig  the 
kid"cy  in  size  "ud  showing  distinctly  the  cortical  and  medullary 
snbstancc.s.  In  the  Cctncen  there  is  an  interesting  analogy  l>etweeo 
the  adrenal,  in  regard  to  its  lohulated  exterior,  ainl  the  niulti- 
lobate  kidney.  In  the  Ele|)hant  the  adrenal  is  a depressetl  cone, 
with  the  base  bilobed.  In  the  Rhinoceros  the  adrenal  iKxlies,  like 
the  kidneys,  differed  from  each  other  in  fonn;  they  were  elongated 
and  nearly  cylindrical.  I'he  right  had  one  extremity  bent  at  a 
right  angle ; its  length  in  a female  Rhinoceros  was  three  and  a 
half  inches  ; its  l)readth  aen)ss  the  bent  extremity  two  inches  : 
the  left  was  simply  elongated,  three  and  a half  inches  long,  one 
and  a half  b.oad,  and  one  inch  thick.  In  section  they  presentetl 
an  external  greyish-yellow  fibrous  cortex,  from  one-fourth  to  one- 
third  of  an  inch  thick,  enclosing  a fleshy-coloured  substance,  in 
the  middle  of  which  there  Wivs  a semilunar  portion  of  the  grey 
fibrous  matter:  there  was  no  trace  of  a central  cavity.  Both 
suprarenal  botlies  adhered  closely  to  the  contiguous  large  veins.' 
In  the  Horse  the  adrenals  are  flattened  and  triangular.  In  the 
Ox  they  somewhat  resemble  the  kidney  itself  in  shape:  in  the 
Reindeer  they  arc  a full  oval : in  the  Sheep  they 
arc  more  elongate.  In  the  Seal,  as  in  the  Wh.ale, 
they  resemble  the  kidney  in  their  finely  lobulatc 
exterior:  in  the  Dog  they  are  longish  and  cylin- 
drical : in  the  Cat  roundish  and  somewhat  flattened. 

In  the  Aye-aye  the  adrenals  are  subtriangular, 
elongate,  depressed,  and  relatively  larger  than  in 
the  higher  Quiulrnmana,  in  which  the  adrenals 
progressively  aiiproach  the  shaj)e  and  pro|)ortions 
presented  in  the  human  subject. 

In  the  ffetus  the  adrenal,  like  the  kidney,  shows 
a lohulated  exterior : at  an  early  period  of  the  development  of 
these  bodies  the  adrenal,  fig.  442,  a,  exceeds  the  kidney,  h,  in 
size : both  arc  preceded  by  the  deciduous  or  Wolffian  kidneys, 
d.d.  In  the  embryo  of  the  twelfth  week  the  kidneys  and  adrenals 

' CIi".  p.  4.1,  pi.  XII,  fig.  1,  II,  n. 
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are  of  equal  size : in  the  sixth  month  the  kidneys  have  gainetl  in 
weiglit  so  as  to  he  as  five  to  two ; and  at  birth  they  arc  as  three 
to  one  ; after  this  time  the  adrenals  diminish  so  as  In  the  adult  to 
he  only  ^'^th  the  size  of  the  kidney.  Occasionally  they  entirely 
waste  away. 

The  large  projwrtional  supply  of  nerves  to  the  mammalian 
adrenals  from  the  contiguous  plexuses  (coeliac  and  renal)  of  the 
sympathetic  system  is  worthy  of  note. 
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CII.VPTER  xxxiir. 

UKSriKATOUY  SYSTEM  OF  MAMMALIA. 

(354.  Lungs  of  Mammalia. — The  class-characteristic  aft'ortled 
hy  these  organs  is  defined  in  vol.  ii.  p.  266,  and  exemplified  in 
fig.  139,  ib.  In  all  Mammals  each  lung,  ib.  Ig,  is  conical,  with  the 
base  resting  upon  the  diajdiragm,  ib.  d,  and  the  a|>cx  reaching  to 
the  root  of  the  neck  : the  sha[)e,  and  especially  the  degree  of  sub- 
division, of  the  pulmonary  cone  offer  many  varieties  in  the  class. 
The  most  common  quadrupedal  difterence  from  the  bimanal  type 
is  the  lobe,  called  ‘ azygos  ’ or  ‘ impar,’  detached  from  the  right 
lung  to  occupy  the  space  between  the  heart  and  diaphragm,  as  at 
«,  fig.  308  ( Onii(horhgnchus).  The  outer  surface  of  the  lung 
is  smooth,  being  covered  by  a serous  membrane,  rcflectetl  from 
the  great  blo<Kl-  and  air-vessels  forming  its  ‘ nx)t’  u|K>n  the  walls 
of  the  thorax ; thus  constituting  a shut  sac,  called  ‘ pleural,’ 
distinct  from  that  of  the  o|)iK)site  lung.  The  jH>rtions  of  the 
jtleura;  passing  res])cctivcly  from  the  jmlmonary  roots  to  the  back 
and  fore  j>arts  of  the  thoracic  cavity,  arc  called  ‘ mediastinal,’  and 
intercept  the  pericardium,  great  vessels,  thymus,  gullet,  and  other 
])arts  intervening  between  the  two  lungs;  the  regions  of  such 
thoracic  septum  being  definetl,  in  Anthro|xitomy,  as  ‘ anterior,’ 
‘ jK)sterior,’  and  ‘ middle  nietlia-stina.’  The  pleural  serous  sacs  are 
]>eculiar  to  Mammalia  : they  facilitate  the  movements  of  the  lung 
upon  the  thoracic  walls  during  rcsjiiration. 

The  wind-pipe  bifurcates  to  supjdy  each  lung,  fig.  418,  r, 
with  air,  as  does  the  pulmonary  artery  conveying  the  blood 
to  be  affected  thereby ; the  pulmonary  veins,  ib.  return  the 
blood  so  changed  to  the  heart.  Besides  these  three  main  con- 
stituents of  the  ‘ riMit’  of  the  lung,  it  includes  the  ‘ bn>nchial  ’ or 
nutritive  arteries  and  veins,  ab.sorbents  and  nerves,  with  their 
connective  tissue,  and  the  enveloping  pleural  sheath.  Beneath 
the  serous  covering  of  the  lung  is  a layer  of  combined  areolar  and 
clastic  tissues,  the  latter  jiredominatlng  in  the  denser  ‘ sub-serous’ 
coat  of  the  lungs  of  the  larger  carnivorous  and  ungulate  mammals  : 
in  Cetacea  the  smooth  contractile  fibre  is  therewith  intermi.xed. 

The  trachea  is  ke|it  patent  by  cartilaginous  ho«>|)s,  the  ends 
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of  which,  in  most  mammals,  do  not  coalesce,  but  either  overlap, 
meet,  t>r,  more  commonly,  fail  to  meet  by  alxtut  one-fourtb,  or  less, 
of  their  circumference,  fi".  45.3,  b.  The  slit  or  interval,  which  is 
usually  at  the  back,  or  giilar  surface,  of  the  windpipe,  is  complete<l 
by  a nmsculo-mcmbranous  sheet.  The  hoops  themselves  are 
connected  together  by  a 
strong  elastic  membrane 
occupying  tbeir  intervals 
and  also  extended  over 
both  their  outer  and  inner 
surfaces.  The  entire  tube 
is  invested  by  loose  areolar 
tissue,  and  is  lined  by  a 
mucous  membrane  with  a 
ciliated  free  surface. 

The  tracheal  cartilage, 
fig.  443,  e,  consists  of  a 
fibrous  basis,  charged  with 
nucleate  cells.  Unstri|)ed 
muscular  fibres  extend  be- 
tween the  ends  of  the  hoop, 
havin<^  their  attachment  to  Tmnivfr*ci«iionofinio,«ihrv*Djti»c*niu»inoa* 
the  inner  surtace,  some 

short  way  from  the  end  itself,  as  at  k,  fig.  443,  others  pass  ob- 
liquely between  contiguous  hoo|)s.  On  the  inner  surface  of  the 
tracheal  cartilages  and  muscles  is  a stratum  of  clastic,  chiefly 
longitudinal,  fibres,  ib.  i : their 
fasciculi  arc  most  conspicu- 
ous, extending  in  a ser]>entinc 
course  along  the  back  part  of 
the  tube.  The  mucous  nicm- 
hrane  consists  of  a basilemma, 
fig.  444,  a,  and  of  finer  areolar 
tissue,  b,  forming  a bed  of 
numerous  nucleate  cells,  c,  d, 
the  innermost,  e,  or  those  next 
the  inner  surface  of  the  air- 
tube,  being  claV  ate,  and  sup-  Srett'-nuf  mrliealcillttrniijmo,  nu^fO 

porting  on  their  base,  each  wliom. 

from  about  twenty  to  fifty  vibratile  cilia,  so  acting  as  to  direct 
throat-ward  the  matters  with  which  they  arc  in  contact.  The 
mucus  lubricating  the  clliate  surface  and  entangling  any  foreign 
particles  admitted  with  the  air,  is  the  secretion  of  small,  for  the 
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most  part  racemose,  glands,  most  conspicuous  at  the  giilar  j>art 
of  the  wall,  fig.  443,  /,  with  longish  ducts  opening  upon  the 
ciliate  surface.  The  trachea  bifurcates  into  the  ‘ bronchi,’  which, 
before  they  penetrate  their  resj>ective  lung,  resemble  their  trunk- 
tube  in  structure : after  penetration,  or  when  ‘ intra-pulmonary," 
the  incomplete  hooped  form  of  cartilage  is  exchanged  for  a series 
of  irregular  curved  jneces,  expanded  so  as  to  encase  the  whole 
circumference  of  the  several  bronchial  ramifications  to  near  the 
terminal  ones,  where  the  cartilages  become  thinner,  smaller,  mt>re 
remote  from  one  another,  and  ultimately  cease ; when  the  fibro- 
membranous  walls  owe  their  patency  to  the  cxj)ansive  force  of  the 
contained  air.  The  muscular  fibres  affect,  for  the  most  part,  a 
circular  disposition,  but  some  run  along  the  bronchial  ramifica- 
tions, thus  serving  both  to  contract  the  area  and  diminish  the 
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length  of  the  tube.  With  the  longitudinal  innsclc  are  blendeil 
clastic  fibres,  and  in  large  proportion  in  the  terminal  branches, 
fig.  447,  a,  a : the  transverse  muscles,  ib.  b,  c,  have  no  terminal 
tendons  as  in  the  trachea. 

The  ultimate  portions  of  lung  to  which  the  bronchi  are  distri- 
buted are  called  ‘ lobules,’  on  entering  which,  as  in  fig.  445,  the 
air-tube  divides  and  subdivides,  its  branches  diverging  at  less  and 
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less  acute  angles ; and,  after  the  fourth  or  further  division,  ac- 
cording to  the  size  of  the  lohule,  they  inaintain  an  ultimate  dia- 


meter of  about  ^Lth  of  an  inch  : then  the  cylindrical  form  is 
lost,  and  the  air-tube  becomes  an  intercellular  pa.ssage,  beset  with 
dilatations,  or  ‘ air-cells,’  aggregated  at  the  iicriphcry  of  the  lobule 
into  groups.  The  ciliatc 
mucous  membrane  termi- 
nates  abruptly,  where  the 
bronchial  tube  becomes,  as 
at  a and  h,  fig.  446,  an 
intercellular  passage;  but 
formifaction  shows  its  re- 
sults, as  ‘nuclei’  and  ‘ pave- 
ment cells  ’ ujK)n  the  free 
sui-face  of  the  air-cells.  The 
intercellular  passages  inter- 
communicate, as  in  fig.  445, 

«,  the  bronchial  ramifica- 
tions, ib.  b,  c,  do  not : in 
fig.  446  is  shown  the  abrupt 
transition  from  the  terminal 
bronchi.al  tube,  «,  to  the 
intercellular  passage,  with 
its  appended  air-cells,  5,  e. 

T'iin  nrknnirtfTu  fKo  *»ir  (rAi>erular‘ dhreii.  niul  eplUiella 

xiie  openings  oi  int  air  : ma»rii.  tvi.xvm". 

cells  are  strengthened  or  de- 


fined by  fibres  of  yellow  elastic  tissue,  fig.  447,  minute  filaments 
of  which  have  been  traced  over  the  wall  of  the  cell.  The  branches 
of  the  pulmonary  artery  accompany  those  of  the  bronchi  to  the  in- 
tercellular passages,  ns  at  fig.  448,  a,  and  arc  there  resolved  into 
the  arterioles,  A,  h,  encompassing  the  orifices  of  the  air-cells,  where 
they  pass  into  the  capillary  network,  d,  c;  whence  the  aerated 
or  arterialiscd  blootl  is  received  into  the  beginning  of  the  pul- 
monary vein  c. 

On  a general  comparison  of  the  lung-structure  in  the  two  warm- 
blooded classes,  it  may  be  aftirmed,  of  mammals,  that  the  sccondar)' 
and  tertiary  bronchi,  instead  of  a ‘ central  ’ hold  a ‘ peripheral  ’ 
course;  have  arborescent,  not  pinnatifid  divisions;  and  more  gra- 
dually decrease  in  size : moreover  they  terminate  in  cells  on  the 
parietes  of  which  the  pulmonary  capillaries  oft'er  only  one  side  to 
the  respiratory  medium,  instead  of  being  wholly  immersed  in  the 
cxtrabronchial  air,  as  in  birds. 

In  the  Ornithorhynchus  the  tracheal  tube,  fig.  308,  m,  is  wide; 
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the  cartilaginous  rings,  fifteen  in  number,  arc  broad,  entire,  and 
slightly  overlaj)  each  other : the  bronchial  annuli  are  bony,  and 
are  continued  ot  that  te.xture  through  a great  part  of  the  lungs. 
The  right  lung  is  divided  into  three  lobes,  of  which  the  smallest, 
118  ib.  »,  fills  the  interspace 

between  tbe  heart  and  dia- 
phragm : the  left  lung,  o, 
is  undividcil. 

In  the  Echidna  the  tra- 
chea is  narrower : there 
are  twenty-two  tracheal 
hoops,  which  arc  disunited 
behind  ; very  firm  cartila- 
ginous annuli  arc  con- 
tinued along  the  larger 
branches  of  the  bronchus 
for  some  way  into  the 
lung. 

In  the  condition  and 
structure  of  the  respira- 
tory organs  all  the  marsu- 
pial species  adhere  to  the 
mammalian  type ; the  only 
tendency  to  the  Ovipara 
is  in  the  cntirencss  of  the 
tracheal  rings  in  certain 
species.  In  the  Phalan- 
yixta  fuliginosa,  where  I 
counted  twenty-nine  rings, 
the  first  four-and-twenty 
were  entire;  below  thest 
they  were  divided  posteri- 
orly, the  interspace  grow- 
ing wider  to  the  twenty- 
ninth  ring.  In  the  Da- 
sgurus  mnrrurns  the  rings  of  the  trachea  are  twenty-three  in 
number,  and  are  incomplete  or  rather  ununited  behind.  In  the 
Pt-ramelrs  the  tracheal  rings  are  divided  posteriorly  by  a fissure. 
The  lungs  in  the  Wombat  consist  of  a single  lobe  on  both  the  right 
and  left  sides,  with  a .small  lobulus  ‘ impar’  e.xtonding  from  the  right 
lung  to  the  interspace  between  the  heart  and  diaphragm.  In  Ma- 
cropus major  the  right  lung  has  two  notches  on  the  anterior  margin, 
the  left  lung  is  undivided.  In  Macropus  Purrgi  both  lungs  had 
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one  or  two  notches.  In  another  Kangaroo  I found  the  right  lung 
divided  into  four  lobes,  the  left  into  two.  The  azygos  lobe  is 
large  in  consequence  of  the  length  of  the  chest  in  the  Kangaroos, 
and  the  distance  of  the  heart  from  the  diaphragm : it  is  three- 
sided,  one  side  convex,  the  second  concave  and  applied  to  the 
pericardium,  the  third  side  concave,  and  in  contact  with  the 
diajthragm.  In  the  Potoroo  the  left  lung  is  unilobate  with  a 
fissure  on  the  anterior  or  uj>per  edge ; the  right  lung  has  two  or 
three  deep  fissures ; the  azygos  lobe  is  elongated,  pointed,  and 
trihedral,  as  in  the  Kanganio.  In  the  Petaurists  and  Phalangers 
the  right  lung  is  trilobate,  the  left  bilobate  ; there  is  also  a lobuliis 
azygos.  The  Kuala  has  the  lungs  similarly  divided,  and  not 
simple  as  in  the  Wombat.  In  the  Oixissums,  Dasyures,  and 
Pcrameles  the  right  lung  is  usually  trilobate  (bilobate  in  Didel- 
p/ii/s  brachi/itrn),  and  with  the  usual  azygous  appendage:  the  left 
lung  is  commonly  dividetl  into  two,  but  is  sometimes  entire,  as  in 
the  Pcrameles  and  Dulelph.  hrachpura.  In  all  the  marsupials  the 
right  lung  is  the  largest,  owing  to  the  oblique  inclination  of 
the  heart  to  the  left  side. 

In  the  order  Rodentia  a tracheal  structure,  recalling  the  early 
division  of  the  tube  in  Reptiles,  is  present  in  the  Cape  Jerbo.a 
{/lelamps):  the  windpipe  is  divided  a little  beyond  the  larynx 
into  two  canals  by  a median  septum,  as  if  the  bronchi  there 
began,  and  were  continued,  adhering,  some  way  before  diverging 
to  the  lungs.  In  the  Coipu  (Mpopotamus)  the  extrapulmonary 
bronchi  are  each  one-third  the  length  of  the  undivided  trachea. 
The  right  lung  h.as  four  lobes,  the  left  three : the  same  division 
obtains  in  Dnsi/prncta : in  Cielor/enys  the  lungs  have  been  seen  to 
be  still  more  divided.  In  Ort/eterns  capensis  the  left  lung  is  un- 
divided, the  right  has  four  lobes.  In  the  Water  Vole  {Artdcola) 
tbc  left  lung  has  two  lobes,  the  right  four.  In  the  Porcupine  the 
right  lung  has  four  lobes  besides  the  azygous  lobule.  In  the 
II  are  the  right  lung  has  four  lobes,  the  left  two. 

The  thoracic  cavity  and  the  lungs  arc  comparatively  large  in 
the  Mole:  in  this  Inscetivore,  as  in  the  Hedgehog  and  Shrews, 
the  right  lung  has  four  lobes,  the  left  one  lobe  : in  the  Chryso- 
chlore  the  left  lung  has  two  lobes.  In  true  Rats  the  lungs  are 
large,  and  with  one  or  two  shallow  fissures:  in  Pteropns  the  right 
lung  has  three  lobes,  the  lower  one  extending  to  the  place  of  the 
azygous  lobide : the  left  lung  is  bilobate : in  this  genus,  as  in 
flaleiipifhrcus,  a few  upper  rings  of  the  trachea  are  entire,  fig.  460 : 
the  eiiils  of  the  slit  ones  meet  behind. 

In  Dasypns  Peha  the  right  lung  has  three  lobes,  the  left  two  : 
vni..  nr.  r r 
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in  Dusypun  &-cinctus  both  lungs  have  three  lobes : the  azygous 
lobule  ia  represented  in  all  Armadillos  by  a small  process  of  the 
right  lowest  lobe.  A repetition  of  a reptilian  character  of  trachea 
is  again  manifested  in  the  Lissencephalous  group  by  the  Ai,  the 
windpipe  being  convoluted,  as  in  the  Crocodiles  (vol.  i.  p.  530). 
The  trachea,  fig.  449,  a,  goes  along  the  right  of  the  descending 


The  chest  and  abdomen  are  more  nearly  coextensive  length- 
wise in  Cetacea  than  in  any  other  ^lammals,  and  the  lungs  ex- 
tend far  hack  : they  are  flattened,  broad,  and  [minted  anteriorly  ; 
not  divided  into  lobes : their  tissue  is  highly  elastic,  ‘ so  as  to 
squeeze  out  any  air  that  may  be  thrown  into  them,  and  to  become 
almost  at  once  a solid  mass.’  * The  cartilaginous  rings  of  the 
trachea,  at  least  near  the  termination  of  the  tube,  are  entire  ; where 
not  so  the  deficiency  is  at  their  fore  part,  and  this  is  considerable 
in  the  upjmr  tracheal  rings,  in  Baletnula : the  windpipe  is  very 
short  in  all  Cetacea;  its  width  is  great  in  j)n)|)ortM)n  to  its  length, 
but  not  to  the  hulk  of  the  lungs  or  of  the  hiHly.  The  rings  of 
the  bronchi  are  more  rounded  than  flattened,  and  are  eontinuetl 
to  their  extreme  ramifications.  The  j)ulmonary  cells  are  rela- 
tively smaller  than  in  quadrupeds,  and  the  extent  and  degree 
of  intercommunication  of  the  noiw'iliate  intercellular  passages 
are  such  as  that,  ‘ by  blowing  into  one  branch  of  the  trachea, 
m>t  only  the  jmrt  to  which  it  immediately  goes,  but  the  whole 
lungs  arc  filletl.’  ’ Great  force  being  required  to  ex|>and  tlie 
chest  in  the  dense  medium  of  sea-water,  especially  when  it  is 
to  be  filled  with  the  rarer  atmosphere,  the  inspiratory  mus- 
cles, and  especially  the  diaphragm,  are  very  stnmg.  The  yellow 
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aorta  to  the  dia|)hragm ; 
then  abru])tly  bends  upon 
itself,  b,  and  returns  ante- 
rior to  the  first  part  to  e, 
and  again  bends  down- 
wanl  and  forward,  a short 
way  before  dividing  into 
the  bronchi,  of  which  tlie 
right  is  shown  at  h.  The 
right  lung,  d,  gives  off  a 
small  azygous  h)be,  f ; tlte 
left  lung,  g,  is  undivided. 
In  the  Unau  {^liradgpus 
didurfglus)  the  azyg«)us  lo- 
bule is  almost  obsolete,  and 
both  lungs  arc  undividetl. 


' xviv.  p.  360. 


» lb.  p.  360. 
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fibres  of  the  clastic  tissue  are  abundant  and  conspicuous  on 
the  walls  of  the  pulmonary  air-cells  in  the  Whales,  as  shown 
by  V.  dcr  Kolk,  in  Dala:- 
nopteru,  fig.  450,  a,  b ; 
in  which  figure  a portion 
of  the  injected  capillary 
web  is  represented  at  c. 

The  elasticity  of  the 
lungs  with  the  pressure 
on  the  surface  of  the 
body,  makes  expiration 
very  easy,  and  the  cur- 
rent strong  when  force 
is  exerted,  as  e.  g.,  to 
clear  the  naso-palatine 
breathing  passages,  fig. 

297,/,  d:  the  pulmonary 
vapour  so  expelled  mainly  forms  the  ‘ sjiout  ’ of  the  Whale. 

In  Sirenia  the  lungs  resemble  in  shape  and  position  those  of 
Clielone,  but  are  loosely  suspended  at  the 
back  ])art  of  an  elongated  thorax,  defined 
by  an  oblique  diaphragm  from  the  abdo- 
men. This  resemblance  is  further  exem- 
plified in  the  shortness  of  the  trachea, 
the  completeness  of  its  cartilaginous 
rings,  the  length  of  the  bronchi,  and  the 
extent  to  which  their  cartilages  are  con- 
tinued into  the  substance  of  the  lungs. 

These  are  convex  on  the  dorsal  aspect, 
flattened  on  the  opposite  surface  along 
which  the  principal  branches  of  the 
bronchi  can  be  seen  through  the  pleura 
puhnonalis.  The  fore  end  of  each  lung 
is  thick  and  obtuse  but  narrow : they 
s(K)n  become  flattened  as  they  recetle  and 
broaden.  In  the  Manatee  their  anterior 
or  outer  margin  is  crenately  notched. 

There  are  but  three  rings  in  the  tra- 
chea of  the  Dugong,  the  first  being  the 
largest.  The  tube  is  somewhat  flattened 
from  before  backward  : I found  it,  in  a s[)ecimen  8 feet  long,  5 
inches  in  circumference  and  1 inch  in  antcro-posterior  diameter. 
In  older  specimens  the  rings  have  been  found  bony.  The  carti- 

p r 2 
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Inf^cs  of  the  broncliial  tubes  are  continued  sinrally  into  one  another, 
fip.  45 1 : the  pulmonary  artery  lies  to  the  outer  side  of  the  broncbus 
and  is  deej>cr  seated,  the  pulmonary  vein  to  the  inner  side  and 
superficially.  The  j)rincipal  branch  of  the  bronchus,  A,  fig.  452, 
runs  down  near  the  inner  margin  of  the  lung,  and  continues 
distinct  to  within  four  inches  of  the  end ; it  then  divides  into 
smaller  br.inches ; the  larger  ramifications  are  given  off  from 
its  outer  side,  c,  c.  In  all  the  branches  the  cartilaginous  rings 
continue  distinct  and  strong  till  their  diameter  is  contracted  to  one 


4.V2 


Hi'ctinii  of  terminal  part  of  luofr,  Dutroiif . 


or  two  lines;  the  rings  passing  irregularly  into  each  other  as  in 
the  main  trunks.  The  lining  membrane  of  the  air-tubes  is  thrown 
into  longitudinal  ruga*,  indicating  their  dilatability.  The  sujier- 
fieial  air-cells,  ib.  «,  are  six  times  larger  than  in  the  Porpoise.  'J'he 
‘ pleura  costalis  ’ is  dense  in  both  Crtnreii  and  Sirrjiia,  as  is  the 
subscrous  tissue  of  the  ‘ pleura  jinimnnalis.’ 

In  the  Elephant  the  right  lung  sends  a hdmlar  process,  behind 
the  thoracic  postcava,  into  the  space  between  the  heart  and  dia- 
jihragin,  but  both  this  and  the  left  lung  "are  undivided.  The 
trachea'lias  thirty  rings,  many  of  which  are  partially  cleft. 

In  the  Khinoeeros  {/ih.  tinlinix)  the  tr.achea  has  thirty-one 
rings;  they  are  close-set,  cleft  behind,  the  ends  meeting:  the 
lining  membrane  is  longitudinally  rugous,  as  is  that  of  the  bron- 
chial ramifications  for  some  way  into  the  lung.  Each  lung  is 
divided  into  a small  upper  and  a large  lower  lobe  ; the  right  lung 
also  gives  ofi‘  a transversely  elongated  narrow  azygous  lobule  : 
the  u])per  lobe  h:vs  numerous  deep  marginal  notches.  In  the 
Horse  the  trachea  has  fifty-two  posteriorly  incomplete  cartilagi- 
nous rings,  the  ends  of  which  arc  fiattene<l,  exjianded,  and  over- 
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lap  eacli  other ; the  tracheal  muscles  are  attached  to  their  inner 
surface  at  the  angle  where  the  free  ends  are  bent  inwards.  The 
lungs  are,  as  in  llhinocrros,  each  somewhat  notched  where  they 
embrace  the  pericardium.  Tlie  left  lung,  in  the  Tapir,  has,  be- 
sides the  fissure  opposite  the  base  of  the  heart,  a second  nearer 
the  apex.  The  right  lung  is  more  definitely  three-lobed,  the 
lower  one  forming  the  azygous  process.  The  tracheal  rings  are 
thick  and  broad,  as  in  the  Rhinoceros. 

In  SuicUe  and  Camelida  the  left  lung  is  rarely  cleft  so  as  to 
show  two  lobes  : the  right  is  more  commonly  so,  with  the  ‘ lobulus 
impar  ’ as  a process  of  the  lower  lobe.  In  the  Wart-Hog  {Pha- 
cocharus)  and  Hippopotamus  an  upper  lobe  is  distinguishable 
from  a lower  one,  in  the  left  lung,  and  the  right  shows  three 
lobes,  besides  the  lobulus  impar.  In  the  Ruminants  it  is  more 
common  to  find  three  lobes  on  the  left  side  and  four,  including 
the  azygos  one,  on  the  right.  The  chief  peculiarity  of  the  respi- 
ratory system  in  the  Ruminant  group  relates  to  the  length  of  the 
neck,  with  which  the  windpipe  is  made  to  agree  by  the  number 
not  the  length  of  its  rings : thus  the  Camel  may  have  upwards 
of  100  rings,  the  Giraffe  upwards  of  90,  the  Llama  80,  while  the 
shorter-necked  Musks  have  not  more  than  50  tracheal  rings.  In 
some  Ruminants  the  right  bronchus  bifurcates  at  its  origin,  and 
the  left  seems  a third  tube.  The  tracheal  rings  are  cleft  poste- 
riorly, w’ith  the  ends  touching  or  overlapping. 

In  certain  pinnigradc  Carnmora  the  tracheal  rings  are  entire  for 
some  way  down  the  tube,  and  in  the  cleft  rings  the  ends  overlap. 
Phoca  vitulina  has  upwards  of  70  rings.  I found  the  left  lung 
in  this  Seal  rather  larger  than  the  right,  and  both  divided  into 
two  lobes  : Hunter  noted  three  lobes  on  the  left  side  ‘ united  by 
a loose  cellular  texture.’ ' In  the  Ursine  Plantigrades  the  left 
lung  has  two  lobes,  the  right  three  and  the  lobulus  impar.  The 
tracheal  rings  are  thickest  anteriorly,  thinning  off  to  their  edges 
at  the  posterior  cleft : there  is  a slight  alternate  overlapping,  or 
interlocking,  both  in  successive  rings,  and  at  the  fore  and  back 
parts  of  the  same  ring. 

The  Ratcl,  Wolverine,  and  Carcajou,  agree  with  the  Bears  in 
the  pulmonary  divisions : the  Mydaus  has  three  lobes  to  the  lung ; 
and  the  lobulus  impar  of  the  right  lung  is  large  and  notched. 
In  the  Otter  the  left  lung  has  two  lobes  and  the  right  four  lobes 
including  the  lobulus  impar;  the  ends  of  the  cleft  tracheal 
rings  are  thinned  off  and  overlap  more  closely  than  in  terrestrial 
Carnivora.  The  tracheal  tube  is  wide  in  most  of  the  order,  the 
number  of  rings  ranges  from  40  to  60.  In  Digitigrades  as  a rule 
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the  right  lung  has  four  lobes  : in  some  (Lion,  Tiger,  e.  g.)  the 
left  has  two  lobes ; in  others  (Dog,  Hywna)  three  lobes. 

In  Chirnmyx,  as  in  most  Quadrvjnana,  the  lobulus  impar  is 
siiperaddecl  to  the  three  ordinary  lobes  of  the  right  lung : the 
left  lung  is  bilobed : all  the  lobes  are  distinct  from  each  other 
throughout.  The  tracheal  rings,  26  in  number  in  Chiromyx,  are 
cleft  behind,  with  the  ends  in  contact,  but  not  overlapping.  The 

bronchi  have  shown  dilata- 
tions in  some  I.emuridep. 
In  a Lemur  Macaco  and  a 
Tarsias  the  left  lung  was 
trilobed ; a.s  also  in  a Ba- 
boon, in  which,  as  in  other 
Catarhines,  the  lobulus  im- 
par  is  small : it  is  represent- 
ed as  a process  of  the  right 
lower  lobe  in  Hylobatts,  I n 
a Simia  Satyrus  I found 
both  right  and  left  lung 
undiwled.'  \nTroyhdytfs 
the  right  lungs  has  three 
lobes,  the  left  two  lobes, 
as  is  the  rule  in  the  Bi- 
manous  order. 

§ 355.  Larynx  of  Mam- 
malia. — The  vocal  organ 
appended  to  the  respira- 
tory system  in  Mammals 
is  a larynx  answering  to 
the  upper  one  in  Birds. 
It  consists  of  cartilages, 
sometimes  ossified,  joined 
by  ligaments,  Ibrming  th.e 
framework  of  a tube  or 
case  (jiixis  cava,  Anthro- 
potomy),  lined  by  mucous 
membrane,  which  may  be 
produced  into  ‘ folds  ’ and 
‘ sacs  ’ and  reflected  over 
elastic,  sclerous,  and  muscular  fibres.  The  larynx  communicates 
below  (or  behind)  with  the  trachea,  fig.  453,  t,  and  above  with 
the  pharynx.  The  chief  or  constant  cartilages  are  the  ‘ cricoi*!,’ 
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ib.  d,  the  thyroid,  ib.  A,  i,  the  ‘ arytenoid,’  ib.  a,  a,  and  the  epi- 
glottis, ib.y. 

The  more  immediate  impressors  of  ‘ sonorous  vibrations  ’ upon 
the  air  transversing  the  larynx  are  the  elastic  fibres  stretched 
between  the  arytenoid  and 
the  thyroid  cartilages,  thence 
termed  ‘ chordae  vocales,’  and  TTh 

‘ thyro-arytenoid  ligaments  ; ’ .1  | 

of  which  one  is  distinguished  91  L 

as  the  ‘ upper,’  fig.  454,  /,  the  J\ 

other  as  the  ‘ lower  vocal  cord,’ 
ib.  A.  They  intercept  a space  \ f 
n,  where  the  lining  membrane  V*’  V 

bulges  outward,  and  in  Man  / / 

backward,  forming  the  ‘ laryn- 
geal  sac  ’ or  ‘ ventricle.’  In 
this  section  are  shown  the  hyo- 

epiglottic  ligament  A,  the  thyro-  ) 

hyoid  ligaments  c,  the  glosso- 

epiglottic  ligament e,  the crico-  /f  f 

thyroid  li^ment  f,  and  its 
junction  with  the  lateral  crico- 

thyroid  ligament  at  g,  i,  and  W ' ' 

with  the  base  of  the  arytenoid  ^ 

AVith  this  brief  indication  of  ■ 

the  chief  parts  of  the  larynx  in 

Man,  its  comparative  anatomy  a ion»itudiD»i  leciioo  of  ui«  uryni  j a«n.  oc»rn". 
may  be  better  followed. 

In  the  Monotremes  the  superior  larynx  presents  some  remark- 
able modifications  in  the  Omithorhynchus.  The  thyroid  cartilage, 
fig.  455,  c,  in  this  animal  is  very  broad ; its  middle 
j>art  is  prominent  and  acuminate : the  lateral  al»  arc  455 
bony,  and  each  of  them  divides,  and  sends  one  of  the  « 

processes  to  the  posterior  part  of  the  pharynx,  ib., 
where  it  becomes  cartilaginous,  and  is  confluent  with 
the  corresponding  process  of  the  opposite  side.  The  \ 

cricoid  cartilage,  ib.  </,  is  ossified  at  its  middle  ante-  raj  ^ 
rior  part.  The  aiytenoid  cartilages,  ib.  e,  e,  present  Ojf 
the  usual  triangular  form,  and  are  of  large  size. 

rrn  ‘I'M  • \ 1 • j ^ • Larrnt  of  Oral- 

I he  epiglottis,  ib.  a,  is  broad,  with  an  acununate  ib..ri.riichiu. 
and  notched  apex. 

On  slitting  up  the  larynx  posteriorly,  and  divaricating  the 
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lAirnx  opened  from  behind,  Omitk^ 
rkynrkuM,  mJWTu . ovcxx. 


thyroid  process,  y,y,  fig.  456,  the  superior  vocal  cords  are  shown 
at  b,  h,  the  inferior  ones  at  c,  c : they  are  short,  feeble,  with  a 
shallow  linear  interspace:  a sulcus,  d,  lies  between  the  up|M.*r 
cord  and  the  cricoid  cartilage.  Both  sexes  emit  a feeble  squeak. 

The  epiglottis,  in  Marsupials,  is 
remarkable  for  its  large  size,  and 
generally  for  its  einarginatc  apex. 
There  is  no  muscle  {lassiiig  from  the 
ej)iglottis  to  the  tongue ; its  base  is 
connected  in  the  Kangaroo  by  a tri- 
angular fascia  to  the  bo<ly  of  the  os 
hyoides  and  the  greater  cornua ; and 
a small  muscle  |)asscs  from  the  middle 
j)art  of  the  body  of  the  os  hyoides  to 
the  dorsum  linguse.  In  Didtlphis 
Opossum  the  epiglottis,  fig-  456,  /,  is 
entire,  the  thyroid,  ib.  a,  short,  antero- 
j)ostcriorly  produced,  and  bifurcating 
into  u])per  and  lower  cornua  behind  : 
the  cricoid,  b,  c,  is  broad  behind  and 
notched  below.  In  the  Phalangers  the 
epiglottis  is  broad  and  short,  and  with  a bifid  apex.  In  Pera- 
vteles  and  Phascogale  the  sides  of  the  broad  and  short  epiglottis 
are  attached  to  the  apices  of  the  arytenoid  cartilages,  retaining 
thus  much  of  its  early  coudition,  which 
will  be  adverted  to  in  the  a<-count  of  the 
peculiarities  of  the  mammary  foetus.  In 
the  Perameles  Ingotis  I found  on  the  base 
of  the  tongue  in  front  of  the  epiglottis  a 
small  sacculus  of  mucous  membrane, 
which  communicated  by  a regular  sym- 
metrical crescentic  aperture  situateil 
between  the  body  of  tlie  os  hyoides  and 
the  thyroid  cartilage,  and  was  continued 
down  in  front  of  the  thyroid  cartilage: 
the  surface  of  the  cavity  was  snuM>th  and  lubricated,  and  it 
seemed  to  be  for  the  purpose  of  facilitating  a hingc-like  motion 
between  the  thyroid  cartilage  and  the  laxly  of  the  os  hyoides.  The 
thyroid  cartilage  is  convex  externally  and  protuberant  in  the 
Phalangers  and  Koala.  The  base  of  the  arytenoid  cartilages  is 
hroad  in  the  antero-jx)sterior  direction.  The  chonlae  vocalcs  are 
represented  by  short  and  slight  folds  of  the  membrane,  want- 
ing the  ‘ ligaments,’  and  not  susceptible  of  being  stretched,  in 
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the  Kangaroos  and  Phalangers.  The  Opossums  have  the  lower 
ligament,  above  which  is  a small  ‘ ventricle  ’ : they  can  squeak 
and  also  ‘ purr.’  As  a rule  the  ^Iarsu|>ials  have  little  or  no  voice: 
the  Wombat  emits  a guttural  hissing  sound : the  Dasyurns  Ur- 
sinus  a snarling  growl  or  whine:  the  Tliylacine  is  described  as 
uttering  a short  guttural  cry.  I have  never  heard  a vocal  note  of 
any  kind  from  the  Kangaroos,  Potoroos,  Petaurists,  Phalangers, 
or  I’erameles.  Bennett ' states  that  the  Kangaroo  utters  a moan 
when  wounded  and  in  pain. 

The  voice  of  Rodents  is  shrill 
and  monotonous  : the  cry  of  the 
wounded  Hare  is  loud  and  pite- 
ous. The  al*  of  the  thyroid,  fig. 

458,  b,  are  quadrate,  convex,  and 
united  at  an  obtuse  angle ; the 
jK)sterior  margins  are  oblique 
and  {tarallel.  The  cricoid,  ib.  </,  is 
short  or  narrow  anteriorly,  leav- 
ing a wide  space  for  the  crico- 
thyroid ligament,  ib.  c.  The 
arytenoids,  ib.  n,  »,  are  rela- 
tively large,  with  everted  api- 
ces. The  epiglottis,  ib.  «,  is 
broad,  with  a bifid  apex : at 
its  base  are  small  cartilaginous  styliform  bcnlies,  separated  by  a 
triangular  space : a vertical  groove  divides  the  insertions  of  the 
‘chordae  vocales  ’ from  b to  c,  fig.  458.  The  inferior  tubercles, 
c,  c,  give  attachment  to  the  upper  vocal  cords  ; which  they  help 
to  stretch,  wliile  they  expand  the  ventricles,  and  afford  freer  mo- 
tion to  the  lower  vocal  cords,  d,  d.  In  the  Beaver  the  ejiiglottis 
is  triangular,  with  a vertical  raphe  on  its  jwsterior  surface,  termi- 
nating in  a sac  bordered  by  the  vocal  ligaments.  There  is  a blind 
sac  at  the  base  of  the  epiglottis  in  Cctloyenys  Paca : in  both  Ro- 
dents the  vocal  cords  are  short  and  little  salient,  and  the  ‘ ventri- 
cles ’ are  shallow:  the  voice  is  acute.  lu  the  Porcupines  both 
the  vocal  cords  and  ventricles  are  wanting : they  are  mute,  save 
at  the  rut,  when  the  male  emits  a low  grunt. 

The  Itisectivora  agree  with  other  Lyencephala  in  the  low  de- 
velopment of  the  vocal  organ  and  jx>wer.  In  the  Heflgchog, 
fig.  459,  besides  the  thyroid,  cricoid,  c,  arytenoid,  d,  and  epiglottal 
a,  cartilages,  there  is  a triangular  cartilage,  f,  between  the  bases 
of  the  arytenoids  and  the  cricoid,  called  ‘ interarticular  ’ in 
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ccxviii",  p 34.  At  the  apex  of  the  arytenoids  are  the  con- 
fluent ‘ cartilages. of  Santorini,’  ib.  b.  The  cricoid,  c,  has  a median 
longitudinal  ridge  behind.  The  vocal  cords  are  short,  and  at- 
tached interiorly  to  the  lobes  of  the  base  of  the  epiglottis,  the 
lower  chord  is  the  strongest ; the  ‘ ventricle  ’ is 
produced  into  a sac  between  the  epiglottis  and 
hyoid.  The  Hedgehog’s  squeak  is  seldom  heard. 

The  larynx  of  Shrews  and  Bats  agrees  in  the 
main  with  that  of  the  Hedgehog.  In  a large 
frugivorous  bat  (Pteropus)'  the  wings  of  the 
thyroid  coalesce  anteriorly  for  a short  extent : 
the  cricoid,  fig.  460,  c,  has  the  posterior  longi- 
tudinal ridge : the  e])iglottis  is  broad  with  an 
acute  apex : besides  the  arytenoids  and  their 
apically  confluent  ‘ Santorinian  cartilages,’  d, 
there  are  the  ‘ sesamoid  cartilages,’  b,  and  an  ‘ intercellular  carti- 
lage,’ /,  narrower  than  in  the  hedgehog,  and  of  an  oblong  form. 
The  inferior  vocal  cord  is  sharply  produced,  but  is  short  and 
narrow : the  ventricle  is  not  dilated  into  a sac. 

In  the  Sloths  the  upper  vocal  cord  is  obsolete;  the  lower  one  is 
welt  defined  but  short;  the  ventricle  is  shallow.  The  voice  of 
the  Ai  {Bradppug  tridactylus)  is  feeble  and 
plaintive  ; that  of  the  Ckolcepus  didactylus,  cap- 
tive at  the  London  Zoological  Gardens,  has 
never  been  heard  there.  The  Armadillos,  also, 
appear  to  be  habitually  mute:  only  the  lower 
vocal  cord  is  manifest : the  ventricle  is  obsolete  : 
the  epiglottis  is  deeply  notched  at  the  apex.’  In 
the  great  Anteatcr  (^Myrmecophaya  jubata)  the 
thyroid  cartilage  is  ossified.  The  cricoid  is  car- 
tilaginous. The  arytenoids  are  low  obtuse  carti- 
lages. The  lower  ‘ chorila:  vocales  ’ extend  from 
the  arytenoids  forward,  the  fold  containing  them 
expanding  as  they  advance.  There  is  a shallow  fossa  beneath 
this  fold  and  a deeper  one  representing  the  ventricle  above  it. 
A small  ‘ interarticular  ’ fibro-cartilage  supports  an  obtuse  pro- 
minence near  the  hinder  ends  of  the  epiglottidean  folds,  which 
are  continued  back  to  the  arytenoids. 

The  larynx  includes,  in  Cetacea,  the  usual  Mammalian  carti- 
lages, much  modified  in  shape  and  proportions.  The  thyroid  in 
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Baltenojitrra  is  but  little  convex  transversely ; the  wings  unite  at 
an  oj)cn  angle ; the  hrea<lth  much  exceeds  the  length,  but  the 
lower  angles  are  produced  and  continued  down  outside  the  cricoid  : 
this  is  a thick  cartilage,  broad  and  flat  posteriorly,  with  a thick 
upper  margin  and  an  irregular  thinner  lower  one  : it  is  incomplete 
at  the  fore-j)art,  from  which  the  lining  membrane  of  the  larynx 
j»n)trudcs  and  expands  into  a large  sacculus.  In  Phoctetm  the 
thyroid,  from  the  great  extension  of  the  inferior  cornua,  seems  to 
consist  of  two  semilunar  car- 
tilages united  at  their  anterior 
extremities.  The  cricoid  is 
incomplete  at  the  fore  part, 
hut  does  not  give  passage  to 
a laryngeal  sac.  The  aryte- 
noids, articulate<l  to  the  cricoid 
by  a broad  base,  are  of  un- 
usual size  and  length,  rising, 
in  contact  along  their  mesial 
iKirflers,  and  becoming  in- 
closed with  the  long  epiglottis 
by  a sheath  of  the  pharyngeal 
mucous  membrane,  fig.  461, 6, 
so  as  to  form  therewith  a long 
pyramidal  pn>jection,  with  a 
slightly  expanded  apex,  which 
is  encircled,  as  it  were 
gras])cd,  by  a sphincteric  dis- 
jM>sition  of  the  muscles  of  the 
soft  palate,  ib.  e.  The  ojM>n- 
ing  of  the  glottis  (through 
which  passes  the  bristle,  in 
fig.  461)  is  transversely  semi- 
lunar in  Delphinidte : it  is 

triradiate  with  the  jwstcrior  cleft  extending  backward  Ijctween 
the  arytenoid  apices  in  linltenidce.  The  epiglottis  seems  almost 
continiuuis,  through  its  fibro-cartilaginous  union,  with  the  upper 
margin  of  the  thyroid : it  is  elongated,  and  curved  towanl  the 
arytenoids  to  which  its  lateral  margins  are  attached,  comjdeting 
the  apical  third  of  the  laryngeal  tube  in  Delphinidee:  in  U(tl(PntdcE 
the  epiglottis  and  arytenoids  are  relatively  shorter,  and  are  con- 
nected together  by  the  membrane  at  their  base,  the  apices  Ixdng 
free  and  not  expanded,  as  in  Drlphinida.  The  bases  of  the 
arytenoids  extend  fnmi  the  cricoid  forward  to  the  thyroid,  and 
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there  are  no  ‘ vocal  conls,’  but  between  them  and  the  base  of 
the  e[ii"lotti8  are  two  lateral  glandular  fossas,  representing  the 
‘ ventricles  ’ : there  are  numerous  orihces  of  mucous  follicles  along 
the  fore  part  of  the  base  of  the  larynx. 

The  external  resj)iratory  aperture,  fig.  297,/,  answering  to  the 
nostrils  of  other  Mammals,  is  single  in  all  Cetacea,  save  the 
Whales  (^Bula-niflee),  and  Ls  called  the  ‘ sjxjut-’  or  ‘ blow-hole.’ 
Where  it  is  single  it  is  a transverse  slit;  it  is  symmetrically  situ- 
ated, crescentic  with  the  horns  turned  forward,  in  Delpliinidee  ; 
it  is  crescentic  but  oblique  and  to  the  left  of  the  medial  line  in  the 
small  Cachalot  (Bujiht/aeten);  it  is  similarly  unsymmetrical,  but  of 
sigmoid  shape  in  the  great  Cachalot  ( Physeter).  The  two  nostrils  in 
the  Whale-tribe  are  longitudinal.  In  all  Cetacea  the  ‘ spoutJiole  ’ 
is  at  the  upper  surface  of  the  head,  readily  emerging  for  inspira- 
tion without  unnecessary  ex|K)sure  of  the  animal.  In  the  broad 
truncate  muzzle  of  the  great  Cachalot  it  is  advanced  to  near  the 
anterior  margin  of  that  part : in  other  Cetacea  it  is  mostly  on  the 
same  transverse  parallel  as  the  eyes.  The  direction  of  the  nasal 
passage  is  accordingly  vertical ; and  as  the  lining  or  defining 
membranes  descend  through  the  mass  of  adipose  tissue  to  the 
bony  canal,  the  passage  is  dilated  or  produced  into  large  irregu- 
larly plicated  sinuses  or  sacculi,  ib.  e,  e.  The  first,  toward  the 
fore  part  of  the  passage,  is  connected  with  the  formation  of  the 
anterior  valvular  prominence  in  Deljihinidce,  which  fits  into  and 
closes  the  outer  crescentic  a])erture,  at  the  will  of  the  animal : 
other  muscles  serve  to  open  and  dilate  the  spout-hole.  The  great 
Cachalot,  when  gasping  in  the  death-throes,  opens  it  widely : in 
the  ordinary  state  it  will  admit,  in  the  Whale,  a man’s  arm. 
Lower  down,  in  the  PorjKiisc,  larger  lateral  narial  sacculi  e.xtend 
both  forward  and  backward : the  parietes  of  all  these  plicated  ex- 
pansions are  invested  by  a layer  of  muscular  fibres ; whereby'  the 
water  that  may  get  access  to  them  by  the  blow-hole,  and  to  which 
they  serve  as  diverticula,  can  be  expelled  along  with  the  expired 
current  of  air.  The  number,  size,  and  complexity  of  the  narial 
sacculi  vary  in  different  genera:  Hunter  remarks  that  ‘ the  S|>er- 
niaceti  Whale  has  the  least  of  this  structure.’*  In  Delphinidee 
the  nasal  meatus  divides  on  entering  the  osseous  y>art  of  the 
passage,  w’hich  is  traversed  by  a medial  prefrontal  and  vomerine 
‘ septum  narium,’  fig.  297,  d : below  this  the  passages  again  inter- 
communicate and  receive  the  swollen  aj>ex  of  the  glottis.  In  the 
small  Cachalot  {Euphysetes)  the  bony  narial  septum  exists,  but 
the  right  meatus  is  so  small  that  only  the  larger  left  one  is  tra- 

' XCIT.  p.  371. 


Digitized  by  Coogle 


LAKYXX  OF  MAMMALIA. 


589 


versed  by  the  air-passapre ' : and  in  the  great  Cachalot  it  is  this 
disproportionately  enveloped  ‘ bony  nostril  ’ which  is  described  as 
the  ‘ single  canal  ’ by  Hunter.*  In  the  Balanidfe  the  two  narial 
canals  are  continued  from  the  blow-holes ; distinct  from  one 
another  to  the  lower  and  hinder  border  of  the  bony  septum.  In 
all  Cetacea  a dark  pigment  is  continued  with  the  dense  epithelial 
lining  of  the  narial  j)assagcs  from  the  blow-hole  down  to  the  bony 
tract.  The  phenomenon  describe*!  and  figure*!  as  the  ‘ spouting  of 
the  AVhale  ’ consists  chiefly  of  the  expired  pulmonary  vapour : it 
d*)es  n*)t  include  water  received  into  the  pharynx  from  the  mouth; 
but  it  may  contain  that  which  has  been  diverted  from  the  nasal 
j)assage  and  accumulated  in  the  saceuli ; and  the  apjtearance  of  a 
fountain  may  be  enhanced  by  superincumbent  sea-w.atcr  ‘ blown 
up’  in  the  violent  act  of  exjiiration,  begun  before  the  bljw-hole 
itself  had  emerge*!. 

.Similarity  of  structure  can  as  little  be  pre*licated  of  the  be- 
ginning *>f  the  air-pa,ssage  as  of  the  digestive  and  circulating  sys- 
tems, in  the  herbivorous  and  the  carnivorous  marine  afKxlal  Mam- 
mals. The  Dugong  and  Dolphin  present  opp*isite  extremes,  e.  g. 
in  the  devehtpment  of  the  ej)iglottis,  which  can  hardly  be  said  to 
exist  in  Sirenia.^  The  glottis  is  very  small  and  T-shapc*d,  the 
uj)j>er  transverse  slit  being  crescentic,  with  the  h*>rns  bent  a 
little  way  outside  the  verti*'al  slit:  the  ejdglottis  is  not  l*jng  enough 
to  close  tir  c*)ver  this,  but  makes  an  obtuse  j>rominence  in  front 
of  the  glottis : the  sides  of  the  opening  are  formed  by  the  mem- 
brane c*>vering  the  thin  convex  borders  of  the  arytenoids.  The 
cartilaginous  wings  of  the  thyroid  are  not  confluent,  but  are  joined 
anteriorly,  for  a sh**rt  way,  by  sclerous  tissue,  and  below  this  by 
membrane  and  areolar  tissue:  the  mesial  cleft  below  is  continued 
on  as  a fissure  to  the  upper  cleft  of  the  thyroid  : each  wing  is  an 
irregular  rhomboid,  of  which  the  foremost  end  is  the  point  of 
junction  with  its  fellow,  while  the  *)pjM)site  angle  is  pHslnced  into 
the  ‘ inferior  c*)rnu,’  and  is  similarly  c*)nnectc*l  by  sclerous  fibres 
to  a prominence  on  the  side  of  the  cri*-oi*l : the  intemic*Hate  angle 
on  the  posterior  margin  of  the  thyr*>id  feebly  represents  the 
‘ su|)cri*)r  cornu,’ whieh  is  c*>nnccte*l  to.  the  thvr*>hyal  by  ligament 
including  a nuclear  ‘ cartilage  of  Morgagni.’  The  cricoid  is  a 
larger  cartilage,  and  forms  a complete  ring : its  br«*ad  jxisterior 
sin-face  offers  three  longitudinal  facets — one  me*lial,  narrow  but 
expanding  above  and  below,  and  two  lateral  and  broad:  the  lower 
Ixirder  deseribes  three  straight  lines : the  upper  border  is  very 
thi*-k,  and  presents,  on  each  side,  an  elliptical  convex  articular 
' xi.ix'.  p.  37»  1*1-  I'J,  ’ cxvii".  p.  (1838). 
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surface  for  the  arytenoid;  the  anterior  part  of  the  cricoid  is  convex 
and  notched  above.  Each  arytenoid  is  an  irrenpilar  three-sided 
pyramid,  the  inner  surface  flat,  the  antero-external  surface  convex, 
the  postero-external  surface  concave,  the  hase  excavated  to  fit  the 
cricoid  articular  tubercle,  with  which  it  is  articulated  by  a synovial 
and  fibrous  capsule;  the  apex  is  compressed  and  extended  in  the 
antero-postcrior  direction,  forming  the  convex  lateral  margin  of  the 
glottis.  The  short  space  between  the  arytenoid  and  thyroid  car- 
tilages is  traversed  hy  a thick  fasciculus  of  dense  elastic  fibres 
representing  the  lower  vocal  cord,  and  coveretl  by  the  lining 
membi-ane  of  the  larynx:  there  is  a small  pit  between  the  ante- 
rior insertions  of  the  ‘ chord®,’  but  no  other  indication  of  sacculiis. 
The  mucous  membrane  is  smooth  for  a short  extent  below  its 
reflection  and  over  the  arytenoid  apices,  and  then  begins  sud- 
denly to  be  disposed  in  numerous  narrow  plic®  which  increase  in 
breadth  as  they  descend  into  the  trachea : at  the  back  part  of  the 
larynx  arc  a few  longitudinal  rug®.  There  is  no  true  cartilage 
in  the  epiglottis:  the  small  pyramidal  prominence  in  front  of  the 
glottis  includes  yellowish  and  white  fibrous  tissue  which  degene- 
rates gradually  into  the  areolar  substance  occupying  the  interalar 
thyroid  space  : the  other  parts  of  the  laryngeal  framework  have 
bony  granules  scattered  through  their  gristly  tissue.  A ‘ hyo- 
epiglottideus’  is  continued  from  the  fore  part  of  the  epiglottis  to  the 
base  of  the  tongue.  The  ‘ arytenoidei  obliqui  ’ and  ‘ transversi  ’ 
are  represented  by  a single  pair  of  muscles,  which  derive  a broad 
and  extensive  origin  from  the  jMisterior  and  external  ridges  of  the 
arytenoid  cartilages,  and  converge  to  be  inscrte<l  into  a small  round 
cartilage  in  the  posterior  interspace  of  the  arytenoids.  These 
muscles,  through  the  advantage  afforded  them  by'  this  middle 
fixed  fulcrum  (which  ought  therefore  to  be  regarded  as  their 
point  of  origin),  act  with  great  power  upon  the  arytenoid  carti- 
lages, drawing  them  together,  and  thus  forcibly  closing  the  nar- 
row glottis.  They  are  directly  opposed  by  strongly  develo])cd 
‘ thyreo-arytenoidei,’  which  pass  obliquely  backward  from  the 
internal  and  interior  ]>art  of  each  division  of  the  thyroid  cartilages 
to  the  posterior  and  outer  part  of  the  arytenoids,  which  they 
draw  apart,  and  thus  open  the  glottis.  The  ‘ crico-ary tenoidei  ’ 
arise  from  the  anterior  border  of  the  cricoid,  and  are  so  inserted 
as  to  draw  the  arytenoidei  forward  as  well  as  ontwanl.  The 
‘ crico-thyroidei  ’ cover  the  wlude  of  the  fore  part  of  the  cricoid 
cartilage.  The  ‘ stemo-thyroidei  ’ and  ‘ thyreo-hyoidei  ’ are  ex- 
tremely powerful.' 

' cxvii".  p.  32. 
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In  the  Elephant  the  alse  of  the  thyroid  are  externally  convex 
and  unite  anteriorly  at  an  obtuse  angle  ; the  upper  cornua  are 
short,  the  lower  ones  are  notched  anteriorly.  The  cricoid  ex- 
tends jK)Steriorly  over  the  first  three  tracheal  rings.  The  aiyte- 
noids  are  long ; the  lower  vocal  cord  is  well-marked ; the  u]i|>cr 
one  indistinct.  In  the  Rhinoceros  the  wings  of  the  thyroid  carti- 
lajre  meet  at  a slightly  t>htuse  angle:  there  is  no  notch  at  the 
U|){>er  margin  of  the  anterior  median  line;  hut  there  is  a con- 
siderable triangular  vacancy  l)clow,  filled  up  by  dense  elastic  and 
a{>oneurotic  membrane,  to  which  yielding  walls  of  the  larynx 
some  of  the  fibres  of  the  thyreo-arytenoidei  muscles  adhere.  The 
cricoid  is  nearly  thrice  as  deep  behind  as  in  front,  contributing 
to  the  extent  of  the  crico-thyroid  interspace.  The  arytenoid  car- 
tilages are  relatively  of  large  size : their  base  extemls  half-way 
across  the  aj)crture  of  the  larynx,  and  from  the  anterior  extremi- 
ties of  these  pnxluced  bases,  the  upper  and  lower  ‘ chordae  vocales  ’ 
extend  forward  to  the  thyroid  cartilage  and  base  of  the  epiglottis. 
Only  the  anterior  half,  therefore,  of  the  ‘ rima  glottidis  ’ is  bounded 
by  vibratile  vocalising  material,  and  the  ordinary  voice  of  the 
Rhinoceros  is  a feeble  bleat  like  that  of  a calf.  Between  the 
upj>er  and  lower  chonla:  vocales  is  the  of>ening  of  a large  sac- 
culus  laryngis,  which  communicates  anteriorly  with  a crescentic 
fossa  under  the  base  of  the  epiglottis.  A fold  of  membrane  ex- 
tends on  each  side  from  a small  semilunar  fibro-cartihige  at  the 
inner  and  under  side  of  the  base  of  the  epiglottis,  downwanl,  in- 
ward, and  forward  to  the  anterior  termination  of  the  chonlae 
vocales : these  oblique  folds  form  the  inner  or  j>o8terior  walls  of 
the  anterior  fossa:  of  the  sacculi  laryngis.  The  anterior  or  supe- 
rior labia  of  the  glottis  form  two  broad,  thick,  slightly  everted  folds 
of  mucous  membrane.  In  tbe  mass  of  muscles  attached  to  and 
passing  between  the  arytenoid  cartilages,  there  are  developed 
about  twelve  tendons  which  radiate  to  be  inserted  into  a central 
sesamoid  cartilage.  The  epiglottis  is  of  a triangular  figure,  with 
the  pointed  ajKJx  curved  forwanl,  and  having  strong  glosso- 
piglottidei  muscles  attache<l  to  it. 

In  the  Horse  the  wings  of  the  thyroid  meet  at  an  acute  angle, 
ing  a large  inferior  notch  : the  l>ack  part  of  the  thyroid  forms 
tost  acute  angle  with  the  cricoid : the  cricoid  has  similar 
T*  to  that  in  Rhinocems : it  has  been  vertically  cleft 
^ the  moieties  divaricated,  in  fig.  462,  i,  i.  The  aiyte- 
' have  their  bases  deflected  from  each  other,  keeping 
a glottidis  the  ‘ cartilages  of  .Santorini,’  ib.  A,  A, 
The  lower  vocal  cords,  ib.  y,  y,  are  large  and 
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j)rominpnt ; above  them  are  the  onncea,  e,  e,  of  the  deep  ‘ ventn- 
clcs  ’ : the  upper  cords  are  barely  definable.  Tlie  epiglottis, 
ib.  a,  is  a lonoish  triangle  with  the  apex  entire  and  antroverted, 
the  base  medially  cleft  by  the  so-ealled  ‘ sulcus,’  ib.  d ; and  pro- 
duced into  two  processes  (‘  cornua  ’ of  Casserius).  Between  the 
commissure  of  the  lower  eonis,  r/,  g,  and  the  epiglottis  is  an  oval 
cavity,  c,  above  wbieh  is  the  ‘ semilunar  ridge  ’ or  ‘ membrane,’  h. 

In  the  Ass,  the  winirs  of  the  thyroid  unite  anteriorly  at  a 


462 


I.TY)  til  of  tii«*  t|or»c  Ultl  ixvw. 


rather  obtuse  angle:  tbe  cricoid 
resembles  that  of  the  Horse : it 
is  similarly  cleft  and  divaricate*! 
in  fig.  463.  The  erico-thyroid 
interspace  is  relatively  less  than 
in  the  Horse.  The  epiglottis,  *i, 
is  a more  equilateral  triangle 
than  in  the  Horse,  with  the  ajiex 


463 


Tii«*  l^rj  nt  nf  Ihr  A«s  Ulil  oteo.  ot  xx. 


less  .acute:  it  is  perforated  by  two  apertures,  ib.  r.  r.  leading  t<» 
two  ‘ saeeiili  ’ eontiruied  upon  part  of  the  inner  eiirfaee  *»f  the 
thyroid.  Between  the  apertures  is  the  areheil  recess,  ib.  A.  in 
which  the  lower  vocal  conls,  */,  */,  are  insertcil ; tlK*se  arising 
behind  from  the  bases  of  the  arytenoids. 

The  voice  of  the  horse  under  sexual  or  other  pleasurable  excite- 
ment is  due  to  movements  «*f  the  vocal  cords  through  fiireibly 
ex|)ired  air,  but  with  short  intervals  or  interruptions  of  the  current. 
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l)ro(lucing  the  shrill  but  tremulous  or  vibratory  sealc  of  notes, 
.sinking  to  its  close,  and  called  the  ‘ neigh.’  It  is  pcciiliiir  to  the 
grouj)  of  Kijttidm  with  callosities  on  both  fore  and  hind  legs  and 
with  flowing  mane  and  tail ; the  sj)ecics  with  callosities  on  the 
fore  legs  only,  with  stiff  erect  manes  and  naked  terminally  tufted 
tails,  vibrate  their  vocal  cords  by  cuiTcnts  of  air  in  alternate 
oj)l>osite  directions,  produced  by  vigorous  acts  of  ins|)iration  and 
expiration,  with  the  head  and  neck  held  in  the  jiosition  in  which 
such  currents  can  best  act  upon  the  larynx  ; the  sounds  so  pro- 
duced are  termed  the  ‘ bray in  some  species  the  notes  arc  long- 
drawn  out,  e.  g.  the  ass ; in  others  they  are  shortened  to  a kind 
of*  bark,’  as  in  the  S.  African  striped  ass,  called,  on  that  account, 

* couakka  ’ or  ‘ quagga.’ 

The  thyroid  of  the  Tapir  is  thicker  than  in  the  Horse  or  Ass, 
and  lies  more  in  the  plane  of  the  trachea : the  (-ricoid  is  less 
than  in  them,  and  has  no  tubercle  on  the  back  ])art.  ’J’he 
arytenoids  resemble  those  of  the  Horse,  but  arc  less  hollowed 
behind.  A triangular  fibro-cartilaginous  mass  rc[)resents  the  two 
cartilages  of  Sant<>rini  (fig.  402,  h,  k.  Horse);  a similar  trian- 
gular fibro-cartilage  at  the  anterior 
border  of  the  arytenoid  represents 
the  cuneiform  cartilage,  and  is  con- 
tinned  at  its  apex  into  the  lower 
vocal  coni : this  is  well  marked, 
sharp,  and  joins  its  fellow  at  an  It 

acute  angle ; the  upper  vocal  cord 

is  very  short,  but  definable.  The  ^ ^ WMQ 

* ventricle’  is  prolonged  into  a / 

blind  oval  sac  resting  tijion  the  / 

inner  surface  of  the  thyroid.  From  L 
the  anterior  continence  of  the  lower  K 
cords  a memliranons  fold  ascends  ^ 

into  two  semilunar  folds  which  V .f  mLa 

bound  sinall  follicular  deqwessions.  \ \ 

The  c])iglottis  resembles  that  of  the  V.  £Ll^gpH|ifcUU 

Ass  ; an  opening  at  its  base  leads 

to  a curved  cavitv  tui  c.ach  side.  “ ^ 

In  Arliodactyics  the  wings  of 
the  thyroid  unite  at  an  acute 

angle.  In  the  Hog  there  are  no  upper  cornua:  the  cricoid,  fig. 
4f)4,y,  is  broad  and  thick  behind,  with  a tuberous  process  on  each 
side.  The  arytenoids,  c,  arc  uniteil  at  their  apices  by  a ‘ santo- 

voi..  MI. 
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rinian  cartilage;’  both  upper,  b,  and  lower,  r,  vocal  cords  are 
well  defined,  and  directed  obliquely  downward  to  be  inserted  into 
the  thyroid  about  one-eigbtli  of  its  length  from  the  lower  margin. 
The  ventricle,  commencing  by  the  chink,  d,  is  continiicil  upward 
into  an  oblong  flattened  sacculus,  a.  The  range  of  voice  is  con- 
siderable, from  the  low  grunt  to  the  loud  discordant  squeal. 

In  the  Camel  the  wings  of  the  thyroid  meet  at  an  almost  right 
angle,  and  unite  along  the  mid  part,  leaving  an  upper  and  an 
under  notch.  The  upper  cornu  is  represented  by  a slightly 
])romincnt  tubercle;  the  lower  cornu  is  more  produced,  over- 
lapping obliquely  the  cricoid,  and  tied  to  a tubercle  near  its  lower 
border  by  short  liganientiius  fibres.  The  cricoid  is  a deep  and 
thick  annular  cartilage;  the  vertical  extent  anteriorly  is  about 
half  of  that  behind  ; the  u])]ier  border 
has  an  oval  facet  on  each  side  for  the 
arytenoids.  The  Inuse  of  the  arytenoid 
dcvelopcs  an  external,  fig.  4fi.»,  d,  and  an 
internal  process;  the  body  is  lainciliform, 
and  expands  above  into  a punctate  softer 
cartilage  which  curves  outward.  The 
epiglottis,  ib.  a,  has  a median  rising  or 
tubercle.  A,  on  the  hinder  surface ; the 
lower  cords,  r,  c,  from  the  base  of  the 
arytenoids,  are  neatly  defined,  more  linear 
in  the  Llama  than  in  the  Camel : the 
broad  iiienibranes.  A,  A,  continued  from 
the  anterior  border  of  the  arytenoids  to 
the  base  of  the  epiglottis,  rcj)rcscnt,  by  a 
slight  thickening  of  their  lower  border, 
tbe  upper  cords  ; a slit-like  ajicrture  bo- 
tween  these  and  the  lower  cords  leads  to 
nuKlerately  develo])ed  ventricles.  The 
thvroid  cartilage  is  ])erforated  by  a laryngeal  nerve  and  by  a 
vessel. 

In  the  Ox  the  thyroid  alic  are  snb-equilateral,  and  unitctl  at  an 
obtuse  angle:  the  upper  vt)cal  cord  is  less  marked  than  in  the 
Camel;  the  lower  one  is  rather  longer,  and  vibrates  so  a-«  to 
jtroduce  the  bellowing  roar  of  the  bull  and  the  sonoiDUS  lowing 
of  the  cow. 

In  the  Klk  (Aires),  the  upper  cornu  of  the  thyniid,  fig.  46fi,  «. 
is  much  produced:  the  lower  one  is  obsolete,  and  the  rounded 
angle  there  is  connected  by  ligament  with  the  cricoid  tulwrclc. 
The  cricoid  is  short  anteriorly,  ib.  A,  and  connected  there  by  the 
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cric«)-thyroi<l  ligament,  d,  crossing  the  wide  space  of  that  name, 
to  the  thyroid;  the  cricoid  is  e.\|)andcd  l)chind  and  1 hence  pro- 
ducp<i  downward,  at  c,  so  as  to  cross  the  five  first  tracheal  rings. 
The  upper  cord  is  not  defined : the  lower  one  is  inscrte<l  into  the 
middle  of  the  fore-part  of  the  thyroid.  In  the  Kein-deer  a 
laryngeal  sac  protrudes  below  the  base  of  the  epiglottis. 

The  Giraffe  is  mute,  save  at  the  sexual  season.  The  larynx  of 
the  Deer,  with  the  annexeel  vaseidar  thyroid  Ixalies,  undergoes  a 
]>eriodieaI  development,  at  the  season  of  the  rut,  in  the  male, 
which  then  utters  notes  characteristic  of  the  species : in  the  Ked- 
deer  it  is  termed  ‘ belling  ’ {quasi 
Allowing) : in  the  Fallow-deer 
it  is  something  between  a belch 
and  a bray : in  the  Roe-buck  it 
is  a shriller  grunt. 

IliS 


of  a-fxx. 


Larjtix,  rr*B*  MaUyautu.  rrrxx. 


In  the  Hear  the  thyroid  is  convex,  the  al®  meet  at  an  obtuse 
angle,  and  unite  along  the  upper  half  of  their  fore  part,  which 
developes  a tubende,  fig.  467,  a,  to  which  the  epiglottis  is  at- 
tached: the  inferior  cleft,  ib.  h,  almost  extends  thereto  in  f’rsus 
arrtiis  : the  upper  coniiia  are  short,  the  lower  ones,  ib.  r/,  arc  very- 
long.  The  cricoid  is  almost  divhled  by  an  anterior  cleft,  r, 
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and  the  lateral  halves  are  eonnected  chiefly  by  ligament.  The 
arytenoids,  fig.  468,  are  rhomboid  : between  tbem  at  the  hind 
j)art  of  the  rima  glottidis  are  the  sesamoid  cartilages,  ib.  il.  tl, 
ui>on  whicb  a few  muscular  fibres  act.  Cuneiform  and  Santorinian 
cartilages  are  also  present.  The  lower 
vocal  ligaments  rise,  as  they  advance, 
toward  the  uj)per  ones.  The  ejuglottis 
is  broad,  with  an  obtuse  apex.  In  the 
Badger  the  laryngeal  sacs  are  deep  and 
bifid,  one  jwrtion  extending  to  beneath 
the  root  of  the  tongue,  the  other  to  be- 

tween  the  thyroid  and  cricoid  cartilages. 

rrmni.ij  ™nii«*rt.  cr.ui  M.i»-  J],  tlic  Otter  the  anterior  cleft  of  the 

jrftniu.  cu.'XX.  , 1 

cricoid,  fig.  469,  c,  extends  tii  near  the 
upper  border:  the  lower  or  hinder  border  of  the  thyroid,  ib.  h,  is 
deeply  emarginate : the  middle  of  the  ujiper  border  shows  a . 
rounded  ajiex,  like  a jirocess  : the  epiglottis  a is  oval. 

In  the  Dog  the  cjiiglottis  is  triangular,  xvith  a medial  furrow  at 
the  base  : the  ventricles  are  deep : Santori- 
nian and  cuneifonn  cartilages  are  present, 
superadded  to  the  arytenoids  which  curve 
away  from  each  other.  In  the  Cat  tribe  tbe 
uj)|)cr  vocal  cords,  fig.  470,  c,  are  unusually 
prominent,  and  by  their  vibration  cause  tbe 
‘ purring  ’ sound  : the  lower  vocal  cortls,  ib.  ri, 
are  shorter  and  less  prominent,  and  do  not 
support  any  membranous  appendages : tbe 
epiglottis,  ib.  l>,  is  triangular  with  a subacute 
apex  : in  the  Lion  this  is  more  obtuse.  The 
ventricles  fonn  a sac  between  the  vocal  liga- 
ments.  The  larynx  of  the  Lion  differs  Irian 
that  of  the  Cat  chiefly  in  its  more  free  suspen- 
sion, allowing  the  strong  vibrations  of  all  ibc 
jiarts  producing  the  terrilie  roar.  In  the  Cat  the  upper  cornua 
of  the  thyroid  arc  closely  conneeted  through  the  medium  of  tbe 
thyro-  and  ccrato-hyals,  with  the  stylohyals:  in  the  Lion  a long 
ligament  intervenes  between  the  stylo-  and  ccrato-hyals. 

In  the  .\yp-aye  ( C/iiromi/x)  the  thyroid  is  like  the  prow  of  a 
boat,  without  keel,  being  laterally  contracted  and  |>r<Hiuceil : the 
cricoid  is  notched  at  the  middle  of  its  broad  back  part : the  crici>- 
thyroid  interspace  is  narrow.  The  voc:il  cords  are  slender  and 
well  defined  ; between  them  and  the  epiglottis  is  a large  and 
deep  pouch,  from  which  a median  sacculus  is  iiriKluccd  between 
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the  back  of  tlie  thyroid  and  the  base  of  the  epiglottis.'  An 
interarticular  cartilage  lies  between  the  arytenoids.  I found 
both  these  cartilages  partly  os.sified  and  the  ericoid  confluent 
with  the  upper  two  tracheal  rings.  The 
laryngeal  cartilages  are  commonly  more 
or  less  ossified  in  the  Slow  Lemurs. 

In  Stenops  gracilis  the  lower  cornua 
of  the  thyroid  are  produced  over  and 


Ijuyiiz  of  Cat.  cccxx. 


VrrtlaU  •eetluo  of  th«  brad  and  neck,  with  the  ci[«nded 
baaih)al  and  Uryni,  of  Ujeetet  ■ctilculuc.  txix'. 


beyond  the  cricoid  to  be  conneeted  with  the  first  tracheal  ring : 
the  crico-thyroid  interspace  is  narrow,  but  vertically  wide : there 
are  both  Santorinian  and  cuneiform  cartilages.  The  upper  vocal 
cords  are  rather  thick  and  attached  forward  to  the  root  of  the 
epiglottis : the  lower  vocal  cords  are  narrow,  short,  and  attached 
to  the  thyroid : the  ventricles  are  shallow,  and  are  confluent 
beneath  the  epiglottis.  This  rises  high  and  has  its  free  border 
rounded  and  notched.  The  thyroid  is  prominent,  with  a median 
emargination  above,  in  Lemur  Mongozi  the  back  of  the  cricoid 
is  ridged  below,  and  above  this  is  excavated.  The  arytenoids  are 
rather  large  and  high,  having  the  Santorinian  bodies  connected, 
but  not  confluent,  with  their  apices.  The  vocal  cortls  are  well 
* cii'.  p.  44.  pi.  10,  3. 
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defincil,  the  upper  ones  are  broad;  above  their  epiglottidean  at- 
taehments  there  is  a widish  sac:  the  intercordal  ventricles  are 
moderate. 

Among  Platyrrhine  Quadrumana  the  larynx  of  Hapale,  Calli- 
thrix,  and  Cehus  retains  the  moderate  pro[X)rtions  of  that  in  Lemu- 
riihe  : it  is  relatively  larger  in  the  Spider-monkeys  {Atelfs)  and 
attains,  with  the  hyoid,  an  enormous  size  in  the  Howlers  {Mpcetea, 
fig.  47 1 ).  In  most  the  upjier  border  of  the  thyroid  is  emarginate : 
but  Ateles  urachnoides  and  Uapalc  rosaliu  are  exceptions  ; instead 
of  the  notch  there  is  a median  process,  and  a small  sacculus  pro- 
jects from  the  crico-thyroid  interspace:  the  Santorinian  cartilages 
arc  confluent  at  their  aj)ices,  and  distinct  from  the  cuneiform 
cartihiges,  in  Cebus  and  Hapale ; but  both  are  fibrous  rather 
than  gristly : they  appear  as  processes  of  the  upper  vocal  cords. 
These  are  attached  to  the  thyroid  like  the  lower  cords,  which 
there  rather  overlap  them  : the  ventricles  are  moderate : the  rima 
glottidis  is  ordinarily  wide  and  almost  perpendicular : the  basi- 
hyal  is  not  excavated.  In  Ateles  the  basihyal  is  quadrangular 
and  excavated:  the  Santorinian  and  cuneiform  bodies  coalesce 
with  each  other  and  with  the  e|>iglottis,  of  which  they  seem  to  be 
processes.  In  the  Howler  (^Mycetes)  the  cricoid,  though  small  in 
j)roportion  to  the  rest  of  the  larynx,  is  larger  than  in  other 
Platyrrhines  and  remarkably  thick  and  powerful,  especially 
behind : it  is  ossified,  and  impressed  on  each  side,  near  the  lower 
jMisterior  angle,  by  an  articular  cavity  for  the  short  obtuse  lower 
horu  of  the  thyroid.  This  cartilage  shows  a still  larger  relative 
size,  which  is  thrice  that  of  the  human  thyroid  : it  makes  a 
strong  anterior  prominence,  bulging  out  there  to  lodge  a pair  of 
sacculi  continued  from  the  fore  part  of  the  long  intercordal  cleft 
or  ventricle.  The  arytenoids  are  small,  with  their  uncinate  apices 
continued  into  a large  fibro-cartllaginous  mass,  representing  vastly 
developed  and  confluent  Santorinian  and  cuneiform  cartilages, 
connecting  the  arytenoids  with  the  long  sigmoid  epiglottis,  and 
including  the  scarcely  distinguishable  uj)per  vocal  cords.  The 
lower  ones  arc  broad,  but  well  defined.  From  the  fore  part  of  the 
intercordal  spjice  the  pair  of  sacculi  are  developed  which  line  or 
occupy  the  thyroid  bulla.  The  ei)iglottis  is  more  than  4 inches  in 
length  and  2 inches  in  breadth,  with  the  sides  bent  down  so  as  to 
form  a kind  of  arch  above  the  glottis.  The  ‘ rima  ’ so  covered 
consists  of  an  anterior  semilunar  jKirtion,  from  which  a chink 
extends  backward,  dilating  into  an  oval  aperture.  Between  the 
glottis  and  the  arytenoid  cartilages  are  the  orifices  of  a pair  of 
pouches,  continued  rather  from  the  pharyngeal  than  the  laryngeal 
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membrane,  which  extend  forward  and  upward  on  each  side  of  the 
epiglottis.  From  the  upper  part  of  the  thyroid  sacculi  are  conti- 
nued a pair  of  ‘ pyramidal  oval  ’ sacculi,  which  occupy  the  sides  of 
the  interspace  between  the  epiglottis  and  the  hyoid : and  from 
the  fore  part  of  the  thyroid  sac  is  continued  the  neck  of  the  large 
‘ infundibular  sac,’  which  expands  to  occupy  and  line  the  huge 
‘ bulla  ’ or  bony  cave  formed  by  the  basihyal,  and  of  which  the 
section  is  shown  in  fig.  471. 

Travellers  in  the  forests  of 
tropical  America  testify 
to  the  astounding  tones 
emitted  by  these  far-heard 
‘ howling  ’ Monkeys. 

In  most  Catarrhincs  the 
basihyal  is  expanded  and 
excavated  for  the  reception 
of  a laryngeal  sacculus,  but 
in  a far  inferior  degree  to 
that  in  Alycetes.  In  the 
Baboons  a section  of  the 
basihyal  is  shown  at  b,  fig. 

472,'  to  expose  the  sacculus, 
c,  which  is  continued  from 
below  the  root  of  the  epi- 
glottis ; from  this  pouch  the 
sacculi  continued  from  the 
intercordal  ventricles  are 
distinct.  The  back  part  of 
the  cricoid  is  traversed  by 
a medial  ridge.  The  upper 
and  fore  part  of  the  thyroid, 
ib.  d,  is  produced,  and  supports  the  hyoid  sac : the  wings  of  the 
thyroid  coalesce  at  an  obtuse  angle.  The  crico-thyroid  interspace, 
ib. y,  is  wide.  The  arytenoids,  ib.  a,  resemble  those  of  Man: 
the  Santorinian  cartilages,  therefrom  continued,  are  not  confluent 
with  each  other  apically,  as  in  Platyrrhlnes.  The  cuneiform 
fibro-cartilages  are  continued  from  the  upper  vocal  cords,  are 
large,  aud  project  from  the  aryteno-epiglottidean  folds;  the  free 
border  of  the  epiglottis  is  obtuse,  in  some  species  emarginate. 
The  upper  vocal  cords  are  bent ; the  lower  ones  are  rather 
thick : above  the  convergence  of  the  upper  cords  is  the  longi- 
tudinal fissure  leading  to  the  hyoid  sac. 

' This  figure  in  taken  from  the  preparation,  No.  1173,  xx.  vol.  ii.  p.  110.  (1834). 
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In  tlie  greon  Monkey  {Cerrojiitlicrits  S(ift<en.i),  the  strncture  of 
the  larynx  accords  with  that  in  Marucui  ' and  Cynocfjiholus.  In 
fig.  47d,  B shows  the  expanded  and  excavated  basihyal,  f,  with 
the  att.iched  tliyiohyals:  in  a,  a is  the  ejnglottis,  h the  basihyal, 
r the  hyoid  sac,  d the  thyroid  cartilage,  r the  trachea. 

No  tailless  Ape  has  the  medial  aperture  and  hyoid  s.ac.  In 
the  Gibbons  the  larynx  is  relatively  large,  the  vocal  cords  well 
defined,  with  deep  intervening  ventricles,  from  one  of  which  is 
continued  the  sac  projecting  into  the  thyre-hyoid  s|>ace.  It 
Mj/ettes  has  the  loudest  cry,  the  Gibbons  have  the  greatest  range 
of  notes  ; they  alone,  of  brute  Mammals,  may  be  said  to  sing.  I 


tr:i  474 


I^iry  nY  of  i:crcopithocui>  mIki  iip.  iix'XX.  Laryuifeal  iKturli  uf  tbc  adult  Orutg-utan. 


heard,  with  astonishment,  the  Wouwou  {Hi/lobates  agUis),  captive 
at  the  Zoological  Gardens,  emit  the  rising  and  falling  scale  of 
semitones,  throughout  the  octave,  which  Martin  has  accurately 
rendered  in  the  musical  notation  given  in  ccxx".  In  the  Orangs 
the  saeculi  continued  from  the  intercordal  ventricles  pass  out  be- 
tween the  thyroid  and  hyoid,  and  in  the  adult  males  extend 
over  the  fore  part  of  the  neck  and  upper  part  of  the  chest, 
being  subdivided  into  several  {wuches,  as  in  fig.  474,  the  lowest 
of  which  may  be  crossed  by  the  pectoralis  major.  In  the  young 
Chimpanzee  ( Troglodytes  7iiger),  the  laryngeal  sacciili,  fig.  475, 
«,  u,  produced  from  the  ventricles  extend  upward  and  outward, 
the  loft,  in  the  specimen  dissected  by  me,  being  continued  for- 

' XX.  vul.  ii.  p.  110,  fig.  1173  c.  ’ XX.  vol.  ii.  No.  1173j>. 
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ward,  lb.  c,  below  tlie  biislhyal,  ib.  I>,  which  wns  slightly  c.';j)anded 
and  excavated  for  its  reception.  In  the  larger  species  of  Tro- 
ylodytes  ( Tr.  Gorilla),  this  sacculiis  is  developed  in  the  adult 
male  to  the  degree  which  it  presents  in  Pi/heciis  Satyrus.  The 
roar  of  the  male  Gorilla  is  loud,  and  may  be  heard  far  off  in  it.s 
native  forests. 


In  Man  there  is  no  such  excess  of  development  of  the  laryngeal 
sacculi  or  other  part  of  the  vocal  organ.  The  cords  are  long 
and  well-defined,  and  all  parts  of  the  organ  are  in  well-balanced 
proportion.  The  chief  elements 
of  the  vocal  organ  have  been 
already  defined  and  exemplified 
in  figures  453  and  454.  The 
external  muscles  of  the  larynx, 
viz.,  the  ‘ thyro-hyoidei,’  ‘sterno- 
thyroidei,’  and  ‘ crico-thyroidei,’ 
operate  (among  other  actions)  in 
producing  that  rotation  of  the 
cricoid  upon  the  thyroid  which 
effects  the  important  change  in 
the  angle  of  the  vocal  cords  as 
it  exists  in  ordinary  breathing, 
when  they  are  so  inclined  to  each 
other  as  to  have  no  vibratory 
motion,  to  the  position  in  whicli 
their  surfaces  lie  in  the  same 
plane,  and  when  the  breath  ex- 
cites their  vibration ; the  ‘ thyro- 
arytenoidei,’  fig.  477,  d,  rf',  co- 
operate in  putting  the  cords  into 

this  position.  The  quality  of  the  vibration  dependent  upon  the 
degrees  of  tension  of  the  vocal  cords,  and  the  vocal  tones  due  to 
degrees  of  patency  of  the  ‘ rima  glottidis,’  are  mainly  influencetl 
by  muscles  acting  u]x>n  the  cords,  fig.  470,  c,  c,  through  the 
medium  of  the  arytenoid  cartilages,  b,  b.  If  the  left  wing  of 
the  thyroid  be  removed,  the  following  muscles  operating  on  the 
vocal  cords  through  that  medium  may  be  demonstrated.  To 
each  arytenoid  cartilage  proceeds  a pair  of  muscles ; one,  ‘ thyro- 
arytenoideus,’  fig.  477,  </,  arises  from  the  inner  surface  of  the 
anterior  part  or  angle  of  the  thyroid  a\  the  superior  fibres, 
<1,  pass  horizontally  backward  and  outward  to  be  attached  to 
the  prominence  on  the  outer  side  of  the  arytenoid,  /;  these. 


sometimes  distinguished  as  the  ‘ thyro-»irytcnoideus  superior,’ 
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must  be  removed  to  give  a full  view  of  the  vocal  cords,  as  at  r, 
c,  fig.  476.  The  ‘ crico-arytenoidei  postici,’  figs.  476,  and  477, 


•176  477 


blurcOuu«  of  tbe  Human  lar>nx>  from  onf  tl4r.  ocxril**. 


e,  e,  arise  from  the  back  part  of  the  cricoid,  and  are  inserted 
into  the  outer  and  back  part  of 
the  base  of  the  arytenoid.  The 
‘ crico-arytenoideus  lateralis,’  ib. 

J\  arises  from  the  upper  and  fore 
margin  of  the  cricoid,  and  passes 
upward  and  backward  to  be  in- 
serte<l,  with  the  thyro-arytenoid, 
d,  into  the  outer  Ifasal  prominence, 

/,  fig.  477.  The  line  C O,  fig.  476,  is 
the  vertical  projection  of  the  crico- 
arytenoid articidar  axis.  The  ten- 
dency of  e and  f divaricate  the 
arytenoids  and  open  the  glottis, 
is  counteracted  by  muscular  fibres 
passing  from  one  arytenoid  to  the 
other,  and  which  have  received  the  names  of  ‘arytenoidei  obli- 


478 


R 


S 


bi»»vcllou  uf  I«r7ai,  from  atKir*. 

ocjmii’*. 


Digitized  by  Google 


LARYNX  OF  MAMMALIA, 


G03 


qui  ’ and  ‘ ar.  transversL’  In  fig.  478,  the  nuicous  membrane  is 
removed  to  show  the  vocal  cords,  v,  v,  bounding  the  glottis : 
attached  behind  to  the  arytenoids  at  f,  and  in  part  to  the 
thyroid  at  T.  The  ring  of  the  cricoid  cartilage  is  shown  at  x, 
L,  which  can  be  rotated  on  its  axis  R,  S,  by  the  crico-arytenoldei 
postici,  and  the  crico-arytenoidei  laterales. 

In  the  louder  tones  of  voice  or  song  the  vibrations  extend  from 
the  cords  to  the  contiguous  elastic  tissues,  and  even  to  the  thyro- 
arytenoid muscles,  ib.  k.  In  the  deeper  notes  the  cords  are  relaxed 
by  drawing  the  arytenoids  toward  the  thyroid  to  the  degree  in 
which  the  air-current  can  put  them  into  vibration,  and  according 
to  the  length  of  the  cord  that  can  be  made  to  vibrate  is  the  depth 
of  the  bass  note.  In  the  medium  degree  of  tension,  when  the 
wrinkles  of  the  riroa  glottidis  are  effaced,  the  ordinary  tones  of 
the  voice  and  the  middle  notes  of  its  compass  in  singing  are  pro- 
duced. The  higher  notes  depend  on  combined  tension  of  the 
cords  with  narrowing  of  the  glottis  and  strengthening  of  the  cur- 
rents of  air.  The  vocal  coivls  in  men  are  about  one-third  longer 
than  in  women  and  boys.  Castration  arrests  that  prominent 
growth  of  the  thyroid,  &c.,  which  accompanies  the  elongation  of 
the  cords.' 

' For  the  further  and  minor  inBuenceM  of  the  rarioue  combinatifins  of  the  actiuna 
of  the  fort*grdn^  muscles  on  the  roeal  mechanism,  rt'fereoce  should  be  made  to  cccxx, 
ccxvn",  ccxxi",  ccxxn",  and  especially  to  ccxxm". 


Digitized  by  Coogle 


G04 


ANATOMY  OF  VEIiTF.BHATES. 


CHAPTER  XXXIV. 

UKINAUY  SYSTEM  OF  JIAMM.VI.S. 

§ Kidneys  of  Mammals. — These  glands  (fig.  422,  o,  o,  and 
vol.  ii.  fig.  139,  k)  are  characterised,  in  the  present  class,  by- 
being  composed  of  two  kinds  of  substance  differing  in  colour  ; one 
‘ cortical,’  highly  vascular,  with  tortuous  secerning  tubes,  fig.  479, 
c ; the  other  ‘ medullary,’  less  vascular,  with  straight  secerning 
tubes,  ib.  m.  They  are  preceded,  in  the  development  of  Mam- 
mals, as  of  Birds,  by  the  temporary  embryonal  bodies,  noticed  and 
figured  in  vol.  ii.  p.  226,  fig.  103 ; but  the  persistent  kidneys 
reach  a higher  grade  of  structure,  differentiated  as  above.  They 
have  a more  compact  and  definite  form  than  in  birds,  and  their 
vascular  supply  is  more  exclusively  their  own ; the  uriniferous 
tubules  converge  toward  the  interior,  and  do  not  spread  to  the 
exterior,  of  the  gland  ; the  ureter,  moreover,  is  not  directly  con- 
tinued from  them,  but  receives,  by  a dilated  beginning  or  pelvis, 
p,  their  terminations  usually  crowded  upon  a prominence  called 
‘ mammilla.’  All  mammals  have  the  urinary  bladder. 

In  Lyencephala,  Litsencephala,  and  most  of  the  smaller  species 
of  Gyrencephala,  the  kidney  offers  its  most  simple  mammalian  con- 
dition, as  exemplified  in  fig.  479.  The 
cortical  substance,  of  softer  texture, 
and  usually  of  a dull  light-red  colour, 
contains  the  malpighian  bodies,  fig. 
481,  m,  c (vol.  i.  p.  538),  and  the  re- 
flected tortuous  beginnings  of  the  uri- 
niferous tubes,  ib.  t : the  medullary 
substance  is  firmer,  of  less  uniform 
colour,  conical  in  form,  dark  red  at  the 
base,  lighter-coloured  toward  the  apex 
in  many  Mammals ; it  is  devoid  of  mal- 
pighiau  bodies,  and  is  composed  chiefly 
of  the  uriniferous  tubes  continued  from  the  cortical  part  in  a. 
straighter  course,  uniting  as  at  q,  *,  t,  fig.  480,  on  the  dichoto- 
mous plan,  and  converging  to  open  upon  the  apex  of  the  medul- 
lary cone. 

The  membranous  beginning  of  the  ureter,  reflected  ujwn  the 
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apex  of  the  cone  (where  this  projects),  is  called  ‘ calyx  its  con- 
tracting continuation  to  form  tlie  duct  is  the 
‘ infundibulum the  cavity  of  the  gland  which 
it  lines,  as  at  p,  fig.  479,  is  the  ‘ pelvis  ’ of  the 
kidney ; the  fissure  from  which  it  emerges  is 
the  ‘ hilum.’  The  renal  artery,  derived  di- 
rectly from  the  aorta,  fig.  422,  d,  d,  divides 
into  two  or  three  branches  on  entering  the 
hilum,  and,  of  the  subdivisions  of  these  in  the 
medullary  substance,  the  two  principal,  in 
the  Kangaroo,  anastomose  to  fonn  an  arch 
over  the  base  of  the  cone,  whence  proceed 
the  arterioles,  fig.  481,  a,  to  the  cortical  sub- 
stance. Here  the  terminal  twigs,  ib. enter 
the  malpighian  body,  ?n,  to  fonn  the  vascul.ar 
brush  or  tuft ; the  returning  vessel,  d,  com- 
bines, with  those  from  other  tufts,  e,  e,  to 
fonn  the  capillary  plexus,  j>,  which  surrounds 
the  uriniferous  tube,  t.  The  capillaries  unite 
to  fonn  venules,  w'hich  on  the  surface  of  the 
human  kidney  have  a stelliform  disposition, 
and  when  congested  give  it  a finely  lobulated 
appearance.  The  veins  from  the  centre  of 
each  ‘ star  ’ dip  into  the  renal  substance, 
unite,  and  ultimately  emerge  at  the  ‘ liiliis  ’ 
anterior  to  or  vcntr.id  of  the  artery  ; but,  in  a 
few  Mammals,  they  unite  in  an  arborescent 
disposition  (^Fe/ix,  Ht/ana)  or  fonn  a network 
(/V(or«)upon  the  surface  of  the  kidney  ; in  all,  the  venous  trunk, 
fig.  418,  k,  terminates  in  the  i)ostcaval,  ib.  v. 

The  uriniferous  tubule  commences  in  Mam- 
mals, as  in  lower  Vertebrates  (vol.  ii.  ]).  5.38, 
fig.  .356),  from  the  malj)ighian  corpu.sele,  fig. 

481,  m,  c,  and  pas.scs  toward  the  surface  of 
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the  kidney. 


before  beinjr  reflected  and  convo- 


luted  in  the  cortical  substance. 

The  chief  modifications  of  the  kidneys  in 
Mammalia  are  seen  in  the  sha]ic  or  absence  of 
the  mammilla,  and  in  their  composition  by  a 
seeming  multiplication  of  sim|>lc  kidneys,either 
with  or  without  a common  cortical  envelojK?. 

The  first  of  these  is  pre.sentcd  by  the  Omi- 
Ihorhynchus,  fig.  502,  a,  in  which  the  tubuli  uriniferi  terminate 
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on  the  concave  surface  of  a small  and  simple  pelvis.  The  ureter, 
ib.  c,  c,  takes  the  usual  course  to  the  contracted  neck  of  the 
bladder,  ib.  d : but  terminates,  in  the  male,  in  the  urogenital  canal, 
below  the  vasa  deferentia  ; and,  in  the  female,  fig.  534,  /,  /,  beyond 
the  uterine  orifice,  m,  which  thus  intervenes  between  the  ureter 
and  the  orifice  of  the  urinary  bladder.  In  all  respects,  save  tlie 
])lace  of  termination  of  the  excretory  ducts  and  their  relation  to 
the  reservoir  of  the  secretion,  the  urinary  system  of  the  Mono- 
tremes  adheres  closely  to  the  Mammalian  type  : in  the  Kchidna 
the  mammilla  slightly  jirojects.  The  circumstances  in  which  they 
deviate  from  the  higher  Mammals  approximate  them  to  Reptiles  ; 
and  it  is  to  be  observed  that  the  deviation  commences  where  the 
urinary  system  begins  to  be  connected  with  the  generative  organs, 
in  which  the  ovii)arous  type  of  structure  is  especially  manifested. 

In  the  Mnrsupialia  the  tubuli  uriniferi  terminate  on  a mammilla 
which  j)rojects  into  the  commencement  of  the  ureter  in  the 
0|K>ssnms,  but  docs  not  extend  bej'ond  the  pelvis  of  the  kidney 
in  the  Kangaroos.  In  the  larger  herbivorous  Alnrsupials  the 
medullary  substance  forma  several  lateral  abutments  to  the  base 
of  the  cone.  In  Mnerojms  Parriji  the  kidneys  are  situated 
six  inches  above  the  brim  of  the  ])clvis,  and  lie  in  the  same 
transverse  line  : they  have  the  same  relative  laisition  in  other 
I’oephaga.  In  the  Koala  the  right  kidney  is  higher  by  its 
whole  length  than  the  left.  In  Dasyurns  nmrrurus  and  1).  rirrr- 
ritius  the  right  kidney  lies  half  an  inch  higher  or  in  advance  of 
the  left  ; in  this  carnivorous  genus  a few  branches  of  the  renal 
veins  are  distributed  u])on  the  surface  of  the  kidney,  but  not 
in  the  same  j>roportion  or  with  the  beautiful  arborescent  disjs>- 
sition  characteristic  of  the  kidneys  of  the  Cats,  Snricates,  and 
Il^  a'na.  In  a Dam/iints  marritrus  weighing  three  jiounds  eight 
ounces,  the  two  kidneys  weighed  thirteen  drachms.  In  a Pha- 
tauf/ixta  vitl/iina,  weighing  five  ]M)unds  three  ounces,  the  fwt> 
kidneys  weighed  only  ten  drachms.  The  ureters  terminate,  in 
all  Marsupials,  at  the  hack  of  the  neck  of  a large  and  j>cndulous 
urinary  bladder,  fig.  422,  /. 

In  Ilyrax  vnprnsix  the  tubuli  uriniferi  terminate  in  a ]iromi- 
nent  and  ])ointed  mammilla;  in  all  the  large  I’eris.sodactyles, 
c.  g.  Horse,  Rhinoceros,  Tapir,  they  0]>en  u]M)U  the  concave  sur- 
face of  the  renal  ])clvis,  and  can  be  readily  injected  from  the 
ureter.  Injection  of  the  arteries  of  the  Horse’s  kidney  shows 
the  terminal  branch  482,  f,  dilating  w'ilhin  the  mal]>ighian 
corpuscle,  d,  ajid  there  dividing  into  lobes  or  grouj»s  of  caj»il- 
laries,  /,  t;  the  returning  or  efferent  vessel  is  shown  at  2,  e ; 
and  the  continuation  of  the  iiriniferous  tubule  at  .a,  t,  from  the 
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capsule  of  the  corpuscle,  m.'  In  the  Rliinoccros  the  j>elvis  is  re- 
presented by  two  longitudinal  canals  which  converge  and  unite 
to  form  the  ureter,  of  which  they  may  be  said  to  be  the  begin- 
nings. The  kidney  is  lobu- 
lated,  or  composed  of  numer- 
ous renules,  each  with  its  corti- 
cal and  medullary  part,  but  the 
tubesof  thelatteruniteandcon- 
verge  to  open  into  the  longitu- 
dinal, quasi  pelvic,  canals  with- 
out any  valvular  [)rominencc.* 

The  kidney  of  the  Elephant 
differs  chiefly  in  the  termina- 
tion of  the  tiibuli  of  the  lobes 
ii|ion  slight  prominences ; of 
these  there  is  no  appearance 
in  the  Eqnulif.  The  tubular 
divisions  of  the  |)elvis  are 
shorter  in  the  Zebra  than  in 
the  Horse  or  Ass,  where  they 
are  continued  nearer  to  the 
upper  and  lower  ends  of  the 
kidneys.  The  ureters  in  these, 
as  in  the  Taj»ir,  terminate  as 
usual  in  the  neck  of  the  blad- 
der. But  in  Ihjraz,  conco- 
mitantly with  an  unusual  length  of  loins,  the  ureters  do  not 
reach  so  far  down,  but  oj)en  obliquely  into  the  back  part  of  the 
‘ fundus  vesic®.’ 

In  the  Hog-tribe  the  kidney  is  simple ; but  the  mammilla  is 
somewhat  extendeil  at  its  free  termination.  In  the  Chevrotains 
and  other  small  ruminants  the  kidney  is  sim]>le  as  in  Lissencrplialu ; 
but  in  larger  deer  and  antelopes  the  beginning  of  a more  cmnplex 
structure  is  seen  in  the  aggregation  of  the  tubuli  uriniferi  into 
several  cones,  distinct  at  their  bases,  but  blending  into  a common 
elongate  or  ridfre  like  mammilla.  This  structure  also  obtains  in 
the  C'amelifitp ; but  in  the  liocidae  the  cones  are  distinct,  termi- 
nate by  mammilla:  in  tubular  pmluctions  of  the  renal  pelvis,  and 
are  associated  with  some  lobes  or  divisions  of  the  cortical  sul>- 
stance,  such  divisions  sometimes  including  more  than  one  cone. 

In  the  Dugong  the  tubuli  terminate  in  a single  pelvis  by 
several  lateral  ridges ; but  the  e.xterior  is  utidivided.  In  the 
Manatees,  and  in  Rhylina,  according  to  Steller,  the  kidney  is 

* cxxxTii.  * t",  p.  44.  pi.  14,  2 aixl  3. 
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lobulnted.  In  tlic  lunmn  kiilncy  the  tubuli  arc  grouped  into 
i’rotn  twelve  to  fifteen  conical  bundles,  the  apices  of  which  project 

into  a common  pelvis  ; but 
(H'casionally  two  cones 
combine  to  terminate  by  a 
common  mammilla:  in  bg. 
483  are  shown  three  cones, 
in  section,  with  the  rela- 
tive position  thereto  of  the 
arteries,  a,  and  the  veins, 
h.  In  the  fietus  the  cor- 
tical jiart  is  subdivided 
like  the  medullary,  but  the 
clefts  become  obliterated  in 
the  growth  of  the  kidney. 

Quadrnmana  have  a sin- 
gle mammilla ; but  in  the 
larger  kinds  it  is  extende<I, 
and  the  tubuli  are  partially 
grouped  into  bundles  near  the  cortical  substance.  The  kidney  in 

the  Suricate,  Viverri- 
dic,  Ilyienas,  and  Fe- 
lines is  chiefly  remark- 
able for  the  arborescent 
disjKisition  of  the  veins 
on  or  near  the  surface; 
the  mammilla  is  single, 
as  it  is,  also,  in  the 
Mnsti'Udce,  Can  idee,  and 
Snbursidee.  In  Bcais, 
•Seals,  and  Whales,  the 
kidney  is  divided  into 
numerous  lobes  or  re- 
nules,  in  the  Walrus 
amounting  to  three  or 
four  hundred, and  in  the 
I’orjK)isc,  fig.  4:27,  K,  t4» 
even  a greater  num- 
ber. Each  renule  has 
its  own  ca|)stile,  which 
is  removed  at  a,  a, 
fig.  484  ; a section  of 
tlie  rcmilc  shows  it  to  be  composed  ol’  a cortical  and  mediillarv 
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substance,  ib.  A,  c;  tbctiibiili  terminate  at  the  apex  of  a mammilla, 
(I,  which  projects  into  an  infundibulum.  The  infundibula  are  pro- 
longed, and  unite  to  form  the  ureter  which  comes  out  at  the  medial 
and  hinder  surface  of  the  kidney  and  enters  the  neck  of  the  uri- 
nary bladder. 

In  most  quiidrupeds  this  reservoir  is  more  jtendulous,  ha.s  a 
more  complete  covering  of  peritoneum,  than  in  Man.  The  oblique 
valvular  course  of  the  ureters  through  its  coats  is  common  to  the 
Mammalian  class.  The  monotremes  are  the  sole  exceptions ; in 
them  the  ureters,  fig.  485,  I,  2,  do 
not  terminate  in  the  bladder,  k,  but 
in  the  urogenital  canal,  c,  the  ori- 
fice of  the  spermduct  or  oviduct,  m, 
intervening  between  that  of  the 
ureter  and  the  bladder.  The  urine 
may  dribble  out  with  the  fwces,  or 
may  j)ass  by  a retrograde  course 
into  the  bladder ; but,  in  eitber 
case,  it  is  expelled  per  cloacani  not 
per  urethram : the  penis  in  the 
male  subserving  tbe  conveyance  of 
the  semen  only.  In  all  other 
mammals  Ixith  urine  and  semen  are 
carried  out  by  the  urethral  canal 
in  the  male;  and,  in  some  luseetieora  (Shrews,  Moles) and  Qiiad- 
rtimann  (Slow  Lemurs),  the  clitoris  in  the  female  is  similarly  tra- 
versed by  a canal,  which  here,  however,  is  exclusively  for  the 
urine.  The  vaginal  orifice  intervenes  between  tbe  prominent  and 
|>crforntc  clitoris,  figs.  485,  546,  c,  and  the  anus. 
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CHAPTER  XXXV. 

TEGUMENTAKY  SYSTEM  AND  APl’ENDAGES  OF  MAMMALIA. 

§ 357.  Derm. — The  main  constituent  of  the  skin  of  Mammals 
consists  of  an  interlacement  of  fibres  of  tlie  white  or  sclerous 
kind,  fig.  486, y,  continuous  with  those  of  the  subjacent  areolar 
tissue,  i,  but  more  or  less  abrujitly  defining  a firm  sheet  of  strong 
and  tough  fasciculate  framework  investing  the  body  ; the  looser 
central  or  initial  texture,  i,  includes,  in  its  larger  meshes,  fat, 
sweat-glands,  //,  bulbs  of  hair,  of  bristles,  or  of  spines,  with  seba- 
ceous follicles,  according  to  the  sjiecies:  it  is  travci'sod  by  the 
nerves  of  the  sensitive  or  tactile  papilla;,  d,  by  sweat-ducts  and  by 
arteries,  veins,  and  absorbents:  it  is  covered  by  the  epiderm,  c,a. 
Vith  the  sclerous  fibres  of  the  deim  are  blended  a varying  juxi- 
portioii  of  the  yellow  elastic  fibres,  and  of  unstriped  muscular 
tissue,  csj)ccially  in  relation  to  the  roots  of  the  hairs  or  spinc-s. 

The  texture  of  the  derm  is  finnest  at  its  ])eriphery,  where  its 
surface  is  best  defined : its  thickness  varies  in  relation  to  the 
bulk  of  the  species  and  to  other  circumstances ; it  is  such,  e.g.,  in 
certain  Pcrissodactyles  and  the  Ilip]>o]iotamus,as  to  have  suggested 
the  name  of*  Pachyderm  ’ for  an  artificial  group  of  Ungulates  in 
the  Cuvicrian  system.  In  the  full-grown  Giraffe  the  corium 
hardly  exceeds  half  an  inch  in  thickness  at  any  part : in  tlic 
Indian  Khin(x:eros,  of  about  the  same  weight,  the  average  thick- 
ness of  the  derm  is  between  two  and  three  inches : it  is  thinner 
on  the  less  exposed  surfaces  and  at  the  bending  of  the  joints.  In 
the  large  specimen  which  I dissected  the  integument  on  the 
middle  line  of  the  abdomen  jiresented  a general  thickness  of  three- 
fourths  of  an  inch  : on  the  inner  side  of  the  extremities,  it  was 
about  one-fourth  of  an  inch  in  thickness.  It  was  connected  to 
the  abdominal  parietes  by  a loose  cellular  tissue,  and  by  a closer 
one  to  most  of  the  other  parts  of  the  body  ; but  the  parts  to 
which  the  stiff  and  ponderous  hide  most  firmly  adhered  were  the 
spinous  processes  of  the  |H)stcrior  lumbar  and  sacral  vertebra-, 
and  the  anterior  extremities  of  the  iliac  bones,  at  which  places 
the  corium  was  blended  with  the  i)eriosteuni,  and  was  thin. 
The  denn  adhered  over  the  jugal  bones  to  a kind  of  movable 
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fibro-cartilage ; but  its  attachment  along  the  median  line  of  the 
fore  part  of  the  head  was  so  firm  as  to  require,  especially  beneath 
the  horn,  the  use  of  a chisel  in  order  to  separate  it  from  the  skull. 

Besides  its  attachment  to  subcutaneous  cellular  substance,  fascisc, 
elastic  tissue,  fibro-cartilages,  and  periosteum,  the  derm  is  con- 
nected with  parts  which  are  destined  for  its  motions  and  adjustment 
u{K>n  the  body.  The  ‘ pannicuhis  camosus  ’ of  the  Rhinoceros  is 
develo[)cd  in  certain  parts  to  an  extraordinary  thickness;  the 
permanent  folds  in  the  hide  of  the  Indian  species  serving  to  afford, 
like  the  processes  of  bone,  a firmer  insertion  to  the  aponeuroses 
of  the  cutaneous  muscles  than  a jdane  surface  of  integument  could 
have  done.  A sheet  of  these  muscles  situated  on  each  side  of  the 
thoracic  or  scapular  region  sends  its  fascia  into  the  interstice  of 
the  fold  in  front  of  the  anterior  extremities,  the  skin  being  bent 
ujK>n  itself,  as  it  were,  to  grasp  this  fascia.  Similar  portions  of 
pannicuhis  carnosus  send  their  aponeuroses  into  the  posterior 
folds  of  the  skin. 

The  denn,  in  Cetacea,  is  a somewhat  gradual  condensation  of 
the  close  fibrous  reticulation  in  the  areola:  of  which  the  oil  is  con- 
taineil;  the  thickness  of  such  siilicutaneous  tissue,  called  ‘ blubber,’ 
being  enonnous  in  the  large  Whales:  it  is  wanting  at  the  fins, 
and  here  the  derm  is  closely  connected  with  the  sclerous  tissue 
covering  the  bony  framework  of  the  pectorals,  and  contributing 
mainlv  to  form  the  dorsal  and  caudal  fins:  in  the  latter  the  sub- 
dermal  fibres  become  assorted  into  three  layers,  the  ujqier  and 
under  ones  being  longitudinal,  the  intermediate  layer  transverse, 
and  the  texture  of  the  wdiole  so  compact  that  the  traversing  veins 
as  well  as  the  arteries  preserve  their  open  state  when  cut  across. 
The  fine  lengthened  papilhc  or  villi  from  the  jwriphery  of  the 
derm  are  noticed  at  p.  188. 

Certain  Rodentia  contrast  with  the  Pachyderms  in  the  thinness 
and  lacerability  of  their  derm,  resembling  birds  in  that  respect. 
Another  Lisscncephalous  family  reproduces  a crocodilian  cha- 
racter, in  the  dcveh)|iment  of  osseous  scutes  U])on  the  peripheral 
])art  of  the  derm  (vol.  ii.  p.  .iy6,  fig.  261).  These  scutes  arc 
small,  mostly  quadrilateral,  and  suturally  united  so  as  to  form 
three  princijwl  groups:  one  protecting  the  trunk  like  an  arched 
riK)f,  a second  forming  a flatter  shield  or  helm  upon  the  head,  the 
third  encasing  the  tail,  like  a sheath.  In  most  existing  Armadillos 
the  trunk-armour  consists  of  an  anterior  thoracic  buckler  in  which 
the  ossicles  form  a kind  of  mosaic  work  ; a middle  ‘ annular  ’ part 
in  which  they  arc  disposed  in  transverse  series  movable  upon 
each  other ; and  a jKjsterior  lumbar  buckler,  like  the  thoracic 
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one:  by  this  motlification  of  the  tlemial  plates  the  little  animal 
is  enabled  to  roll  itself  into  a ball,  and  protect  its  snout  and 
IcfTS  beneath  the  trunk-armour.  In  the  large  extinct  Armadill«»s 
( Gli/ptofloji)  the  annular  or  banded  modification  of  the  armour 
was  not  jtresent ; and  the  whole  of  the  dermal  scutes  of  the  trunk 
were  united  into  one  massive  domed  roof:  the  marginal  scutes 
being  generally  triangular,  the  rest  more  or  less  regularly  hexa- 
gonal. The  inner  surface  of  the  scutes,  imbedded  in  the  derm, 
is  smooth  ; the  outer  surface  coated  with  cpidenn  is  sculj)ture<l 
in  a definite  pattern,  distinct  for  each  s|)ecie8  and  characteristic 
thereof.  The  dermal  jdates  of  the  caudal  sheath  in  certain  kinds 
of  Gb/ptodon  formed  annular  series  of  large  conical  tubercles  : 
the  first  ring,  in  all,  was  distinct  from  the  rest  of  the  caudal 
sheath,  to  facilitate  the  movements  of  the  tail. 

In  the  Pangolins  (^Maniii)  the  exterior  of  the  denn  is  grtMived, 
as  in  Lizards,  for  the  halgment  of  the  bases  of  the  large  homy 
scales,  which  protect  the  body  and  tail  by  their  imbricated  over- 
lap))ing  arrangement  (vol.  ii.  fig.  \5H).  The  inu.scular  tissue 
enters  in  greater  proportion  than  usual  into  the  comjK)sition  of  the 
derm  of  this  Mammal,  in  connection  with  the  thick  ‘ panniculus 
carnosns,’  ami  in  relation  to  the  erection  of  the  scales,  when  the  in- 
tegument is  drawn  defensively  about  the  uprolled  trunk  and  tail. 

PriMluctions  or  duplications  of  the  denn,  w ith  included  muscles, 
&c.,  form  the  peculiar  mammalian  onil  apj)endages  called  ‘ lips:  ’ 
an  everted  fold  of  skin  forms  the  ‘scrotum:’  an  inverted  fold 
the  marsiipium  and  the  eheck-])ouch  (p.  386,  fig.  300)  : the 
derm  is  extended  between  the  digits  to  form  the  ‘ web  ’ in  most 
atpiatic  tjuadrupeds,  and  also  beyond  the  digits  to  atigment  the 
swimming  surface  in  the  Ornithorhynchus : a duplicuture  of 
integument  forms  the  ‘dewlap’  in  cert;iin  IJovines:  it  fomis  a 
broad  fold  on  each  side,  continued  from  the  fore  to  the  hind 
limbs  to  form  the  i>arachute,  in  the  Petanrists,  Pteromyds 
(Vol.  ii.  fig.  156),  and  Flying  Dormice  (Anomabtrus):  in  the 
C^)higos  ( f»«/c«p////cf7os-)  the  dennal  fold  expands  from  the  na|>e 
to  the  fore-feet,  from  these  to  the  hind-feet,  and  thence  to  the  tip 
of  the  tail,  forming  a triangular  ‘ intcrfemoral  ’ fiaj).  Hut  the 
most  extraordinary  develo])mcnts  of  derm  are  presented  hy  the 
Hat  tribe  ( vol.  ii.  p.  278,  fig.  1.36):  the  ‘ antibrachial  fold  ’ crosses 
the  deep  intcrsj)ace  between  the  humerus  and  radius  ; the  ‘ digital 
fold,’  which  mainly  forms  the  wing,  occupies  the  interspaces  of 
the  long  and  attenuated  digits;  the  ‘ Hank-folds  ’ extend  from  the 
fifth  digit  to  the  tarsus  ; the  ‘ intcrfemoral  fold  ’ jjasses  from  leg 
to  leg,  intercepting  more  or  less  of  the  tail. 
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The  wing-meuibranc  is  sometimes  further  developed,  so  as  to 
be  disposed  at  one  j)art  in  the  form  of  a pouch,  as  in  tlie  genus  of 
Bat  thence  called  Saccopteryx,  in  which  the  pouch  is  plicated, 
and  its  linear  orifice  is  near  the  head  of  the  humerus.  The 
delicate  organisation  of  these  modifications  of  the  derm  has  been 
noted  at  p.  189 ; and,  as  reganls  its  vascular  structure,  at  pp.  549 
and  553.  The  conchal  or  auricular  productions  of  the  derm  are 
considerable  in  all  Bats : the  two  outer  cars  are  confluent,  or  united 
by  a transverse  fold  of  skin,  crossing  the  forehead,  in  Ni/cteris 
and  Megaderma ; in  these  and  many  other  genera,  e.g.  Rhino- 
puma,  Rkinolophus,  Phyllustuma,  the  nose,  also,  is  furnished  with 
a crest  or  with  foliaceous  lamella!. 

The  sudoriferous  or  sweat-glands,  fig.  486,  i,  consist  of  a fine 
secerning  tubule,  oiled  up  into  a ball,  and  situated  at  the  under 
surface  of  the  derm  or  in  the  subcutaneous 
tissue,  h : the  duct  traverses  the  derm,  at  first 
in  a wavy  course,  g,  becoming  straighter  in  the 
denser  peripheral  part,  and  spiral  as  it  passes 
through  the  epiderm,  b,  to  terminate  at  the 
sweat-pore.  The  sebaceous  glands  relate  chiefly 
to  the  hail's,  and  mostly  open  into  the  hair- 
sheath  or  follicle,  fig.  487,  h.  The  movements 
of  the  derm  are  due  either  to  intrinsic  or  ex- 
trinsic muscles  : the  former,  ib.  g,  which  are 
smooth  as  a rule,  produce  the  shrinking  called 
‘ cutis  anserina,’  on  account  of  the  protrusion 
of  the  hair-sheaths,  and  the  depression  of  the 
intervening  part  of  the  skin ; the  extrinsic 
muscles,  which  have  striped  fibres,  move  more 
or  less  of  the  integument,  as  when  cattle  after 
a shower,  or  a dog  quitting  the  water,  shake 
off  the  moisture,  or  when  a fly  or  other  irritant  is  sought  to  be 
dislodged. 

§ 358.  Epiderm. — Upon  the  papillose  surface  of  the  denn,  in 
the  embryo,  albuminoid  atoms  in  the  solution  exuding  therefrom 
fomiify  as  cells,  and  between  the  outermost  of  these,  condensed 
and  dried  by  exposure  after  birth,  and  the  derm,  formifaction  con- 
tinues, throughout  life,  to  produce  a precipitate  of  cells.  These,  at 
first,  are  perjiendicular  to  the  derm,  in  one  or  more  strata  ; then,  as 
they  are  pushed  off'  by  newly  formed  cells,  they  assume  a more 
rounded  shape,  lose  their  soft  granular  contents,  afterwards  their 

* Tbo  derm,/,  f*o  magiiiSt'cl,  ih  eoiihldi'rably  thicker  than  licre  poprosciiled. 
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firmer  nuclei,  nml,  finally,  become  pressed  into  dry  hanl  scales  at 
the  periphery  of  the  epidenn.  Many  of  the  deepest-seated  and 
first-formed  cells  contain  coloiire<l  particles  or  pigment,  consti- 
tuting the  ‘ rctc  mucosum,’  or  ‘ malpighian  layer,’  fig.  484,  d. 
This  pigment,  combined  with  the  cells  constituting  the  hairs  or 
sjuncs,  gives  the  characteristic  colour  of  the  quadruped,  and 
seems  to  affect  the  derm  itself.  It  rarely  manifests,  in  Mam- 
mals, the  bright  and  pure  colours  noticed  in  the  skin  of  Birds 
(p.  231,  vol.  ii.);  but  to  the  face  of  certain  baboons  it  may 
give  a red,  blue,  or  violet  tint.  In  quadrupeds  A\-ith  circum- 
scribed patches  of  black  hair  a deposition  of  dark  pigmontum 
may  be  traced  in  the  corium  above  the  sheaths  whence  the  black 
hail's  grow.  The  darker-coloui'ed  skin  and  hair  is,  as  a rule  in 
Mammals,  on  the  upper  or  more  exposed  surface  of  the  body, 
ajid  the  lighter-coloured  pelt  is  below.  But  in  the  liatel  and 
Skunk  the  ordinary  arrangement  of  colours  is  reversed,  the  back 
being  light  and  the  belly  dark:  the  white  bands  of  hair  in  the 
Skunk  arc  associated  with  a corrc.sponding  colour  of  the  eoriuni, 
and  are  seen  on  the  inner  side  of  the  dried  pelt.  In  the  human 
subject  the  amount  and  colour  of  the  subcuticular  pigmental 
cells  relate,  but  not  abstdutely  as  regards  existing  continents  and 
peoples,  to  the  degree  of  solar  influence  to  which  the  skin  is  e.x- 
posed.  A fair  comple.xion  and  light  hair  do  not  characterise  any 
race  indigenous  to  tropical  and  warmer  temperate  latitudes,  but 
are  limited  to  cooler  temj)erate  and  cold  climes,  which,  from  the 
present  excess  of  dry  land  in  that  hemisjdiere,  are  northern  or 
arctic.  The  continent  of  Europe,  if  the  complexions  of  its  peoples 
be  compared  from  Scandinavia  to  the  Mediterranean,  e.xemplifies 
the  progressive  deepening  of  the  tints  of  skin,  hair,  and  eyes,  as 
the  sun  exerts  more  power.  But  the  Asiatic  part  of  the  ‘ Old 
World  ’ shows  this  relation  in  a minor  degree.  The  aborigines 
of  Xorthern  Asia  to  Kaiutsehatka  arc,  like  the  Japanese,  of  a 
brownish-yellow  complexion : the  .same  prevails  through  all  the 
latitudes  of  the  vast  Chinese  Empire;  but  the  southern  extensions 
of  that  ])eople  into  Cochin-China,  Siam,  and  Burma,  do  show  a 
deeper  brown.  The  Hindoos  retain  the  same  almost  black  tint  over 
a range  of  twenty-six  degrees  of  latitude  and  twenty-four  degrees 
of  longitude  ; but  these  arc  tropical,  or  nearly  so.  The  Malays  of 
the  Indian  Archipelago  preserve  the  same  deep  brown  tint  over 
eighteen  degrees  of  latitude,  reckoned  from  the  equator  north- 
ward, and  the  tint  would  seem  still  to  relate  to  such  excess  of 
solar  influence;  although  the  sway  of  other  causes  is  exemplified 
by  the  darker  Miucopics,  Cingalese,  and  Hindoos,  under  similar 
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influences.  Still  more  strikingly  is  this  shown  by  the  blackness  of 
the  Melanian  aborigines  of  New  Guinea,  Australia,  and  Tas- 
mania, retained  from  the  sixth  to  the  forty-third  degree  of  south 
latitude ; and  especially  of  those  of  the  outlying  islands  in  prox- 
imity with  others  inh.abitcd  by  the  olive-bro^vn  Polynesians,  whose 
coraplexiou  prevails  from  lat.  12°  S.  to  46°  S.  (New  Zealand). 
But  the  most  instructive  example  of  the  closer  relationship  of 
tint  to  race  than  to  climate  is  affbnled  by  the  aborigines  of  the 
New  World,  which  hold  nearly  the  same  depth  of  copper-brown 
or  reddish  tint,  latitudinally  from  Tierra  del  Fuego  to  Hudson's 
Bay,  and  longitudinally  from  the  Atlantic  to  the  Pacific.  The 
contrast  between  the  South  American  Indians  and  the  African 
Negroes  would  seem  to  be  decisive  against  the  h^-pothesis  of 
degrees  of  solar  influence  being  the  causes  of  degrees  of  darkness 
of  complexion. 

But  there  is  an  element  in  the  problem  which  ought  to  be 
taken  into  consideration,  viz.  ‘ time.’  If  Africa  be  an  older  con- 
tinent than  S<juth  America,  its  aborigines  may  have  been  sub- 
jected to  solar  influences  through  a longer  series  of  generations. 
We  know  not  the  extent  of  such  series ; some  may  deem  that 
were  the  intertropical  South  American  Indians  subject  to  a 
vertical  sun  during  the  long  ages  of  Africa’s  emersion,  they  would 
acquire  a darker  complexion. 

Climate,  however,  defends  on  other  influences  than  sunshine. 
Degrees  of  moisture,  and  whatever  influences  cause  a contrast  or 
gradation  of  sea.“ons,  &c.,  may  have  their  effects  upon  com- 
plexion. Filthy  habits,  foul  air,  and  bad  food,  affecting  biliary 
and  other  secretions,  have  their  share  in  darkening  the  skins  or 
sallowing  the  complexions  of  the  Ks<iuimaux,  Fins,  and  Laps, 
e.g.  as  compared  with  the  cleanlier  and  more  healthily  living  and 
better  nourished  Scandinavians  residing  some  degrees  further 
from  the  pole.  But  assuming,  as  the  general  result  of  the  aljove 
survey  of  human  comple.xions,  that  such  complc.\ions  do,  in  the 
main,  show  a certain  dependent  relationship  on  solar  light  and 
heat,  and  postulating  the  effect  of  long  periods  of  such  .subjec- 
tif)n,  we  might  then  be  led  to  conclude  the  darkest  of  the 
intertropical  and  warm  temperate  peoples  to  be  the  oldest ; that 
the  Melanians,  scattered  on  islands  to  the  east  of  the  Indian 
Ocean,  inhabit  relics  of  a continent  as  old  as,  perhaps  older  than, 
.Africa;  and  that  the  lighter-tinted  races  on  intercalated  or 
contiguous  portions  of  dry  land  are  subsequent  immigrations 
or  derivatives  from  lands  less  affected  by  s<jlar  influences.  On 
this  hypothesis  it  may  be  inferred  that  the  deepest-tinted  races 
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existin"  in  flic  L«lantlfi  of  the  Malayan  Archipelago  are  the  ohlest 
inhabitants  of  such — those  most  entitled  to  be  termed  aborigines. 
Tlie  Hindoos,  by  tlie  same  pigmental  test,  would  be  dcemetl  older 
than  the  Parsec  or  Mahometan  natives  of  llindostan,  as  history, 
indeed,  testifies.  In  extra-tropical  latitudes,  human  generations 
may  have  succeedeil  each  other  for  the  same  duration  of  time  as 
in  tropical  ones,  without  further  deepening  or  develoj)ment  of 
j)igment  than  such  diminishing  influence  of  the  sun  may  eftiert. 
Such  jicoples,  migrating  to  tropical  countries,  may  long  maintain 
their  inherited  com]>lexions ; just  as  the  black  races  migrating  to 
extra-tropical  latitudes  long  retain  the  tint  inherited  from  fore- 
fathers in  whom  it  has  been  established  primarily  by  the  requisite 
eontiniiance  of  exjmsure  to  extreme  solar  heat  and  light. 

§ .‘559.  Ciillosities. — The  epiderm,  besides  fonning  the  finn  and 
more  or  less  insensible  outer  protection  of  the  derm,  acquires  un- 
usual thickness  at  certain  parts  in  different  mammals.  It  forms 
callosities  over  the  sternum  of  the  Camel  and  Dromeilary,  and 
iqsm  the  parts  of  the  joints  (eari)al  and  rotular)  on  which  these 
useful  beasts  of  burden  kneel.  It  defends  the  broail  bach  of  the 
j)enultimate  ])halanges  of  the  fingers  of  the  knuckle-walking 
Apes,  the  ischial  tuberosities  of  most  lower  Catarhincs,  and  the 
j)rehcnsile  surface  of  the  tail  in  many  I’latyrhines. 

In  the  there  arc  callosities  on  the  inner  surface  of  the 

limbs,  which,  however,  arc  more  dermal  than  epidermal.  In  the 
Horse,  on  the  inner  side  of  the  fore-leg,  a little  above  the  carj)us 
(‘fore-knee’  Hip[)otomy),  and  on  the  inner  side  of  the  hind-leg. 
a little  below  the  ‘ tarsus  ’ (hock-joint,  IlijqMitomy),  isa  nakcsl 
jirotubeianee  of  a soft  horny  consistence,  alsmt  the  size  of  a 
chestnut,  and  calle<l  ‘ chataigne  ’ by  the  French  veterinarians. 
Ilehind  the  mctacarpo-jdialangeal  joint  is  a similar  but  smaller 
horny  tubercle,  called  the  ‘ ergot,’  or  spur.  The  Ass  has  not  the 
‘ chataigne  ’ on  the  hind-leg ; but  there  is  the  vestige  of  one  on 
the  fore-leg,  situated  there  as  in  the  Horse;  it  consists  of  » 
patch  of  black  skin  devoid  of  hair,  but  not  horny.  There  is  a 
similar  trace  of  the  spur  (ergot)  behind  the  metacarpo-  and 
metatarso-jdialangeal  joint.s.  The  Zebra  resembles  the  .\sis  in 
these  respects:  the  homologuc  of  the  fore-leg  callosity  is  a 
])uteh  of  black  naked  skin  about  .‘5^  inches  long  and  3 inches 
broad  ; the  callosities  behind  the  metaear|K)-tarso-phalangcal  joints 
are  like  those  of  the  A.s.s. 

§ 360.  Hair.  — The  cutaneojis  clothing  characteristic  of  the 
Mammalian  class  is  ‘ hair.’  It  consists  of  unbranched  filaments 
of  epidermal  material,  usually  comjwsed  of  ‘ jiith  ’ and  ‘crust,’ 
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and  in  which  are  distinguished  the  ‘ root,’  the  ‘ stem,’  and  the 
‘ j)oint.’ 

The  root  is  softer  and  lighter  in  colour  than  the  stem,'  is  con- 
tained in  a canal  of  the  skin  or  sheath,  fig.  487,  c,  and  expands  at 
the  implanted  end  into  the  ‘ knob.’  This  ]>art  during  the  growth 
of  the  hair  has  a conical  cavity  inclosing  the  ‘ bulb,’  ib.  _/■,  which 
forms  the  ‘ pith ;’  from  its  base  tliere  is  reflected  u|)on  the  ‘ kiM)b  ’ 
a cajisular  layer  of  cells  which  forms  the  ‘ crust ; ’ this  layer  is  con- 
tinued to  near  the  outlet  of  the  sheath ; 
it  consists  of  two  or  more  layers  of 
cells,  the  outermost  of  which  have 
generally  lost  their  ‘ nuclei.’  The 
proper  tunic  of  the  sheath  is  ‘ derm,’ 
lined  by  epiderm  continuous  with  the 
cuticle,  which  accordingly,  when  shed, 
usually  brings  away  the  hairs.  In  the 
dermic  p.art  there  is  a vascular  and  a 
hyaline  layer;  the  latter  ceasing  with 
the  capsular  part  of  the  hair’s  matrix. 

Two  sebaceous  glands,  ib.  fi,  usually 
o|>en  into  the  hair-sheath ; and  one 
or  more  delicate  muscles,  ib.  //,  of 
unstriped  fibre,  pass  from  the  harder 
superficies  of  the  derm  to  be  inserted 
into  the  capsule  beneath  the  glands ; these  arc  mainly  concerned 
in  raising  the  hairs. 

Hairs,  like  teeth,  are  of  two  kinds  as  regards  growth ; one 
teinjKjrary,  the  other  jwrsistent.  The  former  are  shed  and  suc- 
ceeded by  new  hair,  usually  once  a year;  the  latter  have  persistent 
bulbs  and  perenni.al  growth.  The  body-hair  of  the  Horse  is  an 
example  of  the  first  kind,  the  hair  of  the  mane  and  mil  of  the 
second  kind.  In  many  Mammals  there  arc  two  kinds  of  hair, 
according  to  form,  length,  and  structure;  one  short,  fine,  more  or 
less  curled,  and  mostly  hidden  by  the  longer,  coarser,  and  stniighter 
kind,  which  is  sometimes  called  the  extern.al  coat,  albeit  the  roots 
sink  deeper  into  the  derm  than  do  those  of  the  internal  coat, 
usually  called  ‘ fur,’ 

These  two  kinds  of  hair — inner  and  outer — are  most  distinctly 
ns  well  as  abundantly  shown  in  arctic  and  aquatic  quadrupeds, 
(ermine,  sable,  beaver,  and  the  seal-tribe),  especially  in  the  young 
state,  when  the  heat-ferming  power  is  weak.  In  some  species  of 

' The  contmst  is  striking  in  ihv  hair  of  the  Oruithorhynohu.**,  in  which  the  brown 
tint  is  coiihoed  to  the  expanded  terminal  part  of  the  hair. 
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Seal  the  ‘ fur’  {rets  scanty  in  the  adult  {Otarin  lobntn,  e.g.);  in 
others  it  continues  abundant  in  quantity,  and  of  fine  quality 
{Otaria  ursinn,  e.g.);  hence  a difference  in  the  commercial  value 
of  the  skins,  whereby  ‘ sealers  ’ distinguish  between  the  ‘ hair- 
seals  ’ and  the  ‘ fur-seals.’ 

The  tciTn  ‘ wool  ’ is  commonl}-  understood  to  mean  the  modified 
hairs  of  domesticated  breeds  of  sheep,  which,  through  a finely 
imbricate  arrangement  of  superficial  serrated  scales,  and  a 
curly  disjwsition,  have  the  property  of  mutual  cohesion,  called 
‘ felting,’  on  which  depends  the  value  of  wool  in  manufactures. 
The  jiroperty  is  present  in  a minor  degree  in  the  longer,  straighter, 
scantier  fleece  of  such  wild  sheep  as  the  Himalayan  Ovis  Vi^nei, 
the  Ovis  Ammon  of  Central  Asia,  and  the  Ovis  Musimon  of 
Sardinia.  In  the  domesticated  races  the  fleece  has  been  modi- 
fied and  improved,  in  various  degrees,  by  crossing  the  breeds,  by 
choice  of  climate  and  pasture,  and  by  careful  attention  and  defence 
during  its  growth,  until  not  only  has  the  original  coarse  character 
of  the  protluct  disappeared,  but  qualities  of  wool  of  different  kinds 
and  of  different  degrees  of  superiority  have  been  obtainctl,  gene- 
rally divisible  into  two  classes,  one  better  adapted  for  ‘ carding,’ 
the  other  for  ‘ combing,’  and  both  available  for  a great  variety  of 
useful  and  elegant  textile  fabrics.' 

The  fleece  of  the  domesticated  varieties  of  .<4«cAcnia  ( Llama 
Vicugna)  has  analogous  properties  rendering  it  useful  for  various 
manufactures.  In  all  Ruminants  the  hair  is  shed  annually  : this 
would  happen  to  the  wool  of  Sheep  were  it  not  shorn.  The 
Llannus  form  no  exception : the  fleece  of  one  in  the  London  Zoo- 
logical Gardens  became  ragged  and  detached  in  masses  in  the 
month  of  July.  Mammals  living  in  cold  climes  develop  a thick 
undercoat  of  fur  or  wool:  this  is  seen  in  the  Musk-biibale,  and 
was  the  case  with  the  jtriniigenial  Elephant’  and  Rhinoceros,’  its 
former  associates  in  high  northern  latitudes. 

The  muzzle,  the  inside  of  the  ears,  the  sole  of  the  paws,  are 
defended  by  hair  in  arctic  quadrupeds  (e.g.  Ursus  mnritimus). 
The  sole  of  the  foot  in  the  Camel  and  Dromedary  is  defended  by 


' In  jiuiping  of  qnaliticN  in  wools,  it  is  ityjuisitc  to  test  the  finenrsa  and  elas* 
ticity  of  tl»o  Hhn*,  the  degrres  of  imbrication  of  the  scaled  surtace  of  the  fibre  as  »Ik>wh 
by  the  microscope*,  the  qimiitity  of  fibre  developed  in  a ^iven  sj»ace  of  thefieece,  the 
roni|Mimtivc  frectloni  of  the  flef-cc  from  extraneous  matters,  and  the  skill  and  car© 
eniploywl  in  preparatory  processes  ; Ruch,  for  example,  hj*  that  tenned  * Rcmiring*  iho 
fleece,  U|*on  which  dcpoiids  its  liability  or  otherwise  to  mat  at  the  bottom  of  the  staple. 

CCXXVIIl". 

* ixxif*.  p.  263.  • lb,  p.  3ul  {^Rhinoceros  tichorhinus). 
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hair  from  the  hot  sand  of  tlic  desert.'  Nocturnal  quadrupeds  of 
hot  climates,  as,  c.g.,  Istmuridm,  have  the  soft  fur  and  the  longer 
scantier  kind  of  hair.  The  northern  Wild  Hoar  has  an  undercoat 
of  fur  besides  the  bristles : in  most  domestic  Hogs  the  latter  alone 
are  developed  ; and  a gland-like  bo<ly  partly  surrounds  the  matrix 
of  the  bristle,  fig.  48.‘>,  i.  Rhinoceroses  and  Elephants  of  tropical 
latitudes  have  but  one  kind  of  hair,  most  conspicuous  in  the 
young,  especially  in  elevated  localities,  but  almo.st  wholly  lost  in 
the  full-grown  animal.  The  Hippopotamus,  Sirenia,  Cetacea, 
Bimana,  arc  examples  of  naked  Mammals ; but  on  the  limited 
locjilities  where  the  skin  develoj)s  such  a covering,  it  is  of  the 
mammalian  character — hair  or  bristle.  The  foetal  Whales  show 
the  latter  on  tlie  lip,  the  adult  Elephants  and  Rhinoceroses  on  the 
tail.  Human  hair,  which  continues  to  grow  through  more  or  less 
of  life,  has  distinctions  as  to  localities  and  length,  characteristic 
of  age  and  sex  : it  varies  in  colour  from  pale  yellow  to  black,  and 
in  form  from  straight  to  crisp,  resembling  wool  on  the  head  of 
the  Negro  variety. 

The  degree  of  imbrication  of  the  scaly  outer  layer  of  the  human 
hair  is  such  that  rubbing  one  between  the  thumb  and  finger  pushes 
the  root-end  away.  Beneath  the  scales  the  cortical  part  of  the 
hair  is  minutely  fibrous;  it  includes  a cellular  pith  with  pigment, 
upon  which  the  colour  of  the  hair  mainly  depends.  In  the  minute 
hairs  on  the  general  surface  of  the  body,  the  pith  is  wanting. 
I have  observed  the  hair  of  the  beard  to  be  three-sided,  with 
rounded  angles,  in  transverse  section  ; the  hair  of  the  head  of  the 
same  individual  being  a full  oval  in  such  section. 

The  general  direction  of  the  minute  and  fine  hairs  on  the 
human  limbs  accords  with  that  of  the  medullary  arteries  of 
the  long  bones,  viz.  toward  the  elbow-joint  and  from  the  knee- 
joint."  A corresponding  disposition  prevails  in  the  hairy  clothing 
of  the  limbs  of  Qnadnimana.  In  the  attitude  assumed  by  an 
Ape  crouching  beneath  the  pelting  of  a tropical  shower,  with 
close-bent  limbs,  thigh  and  fore-arm  upward,  arm  and  leg  down- 
ward, the  reverse  directions  of  the  hairs  on  the  proximal  and 
distal  segments  will  be  seen  to  be  such  as  to  act  in  both  os  a 
downward  watershed. 

The  general  direction  of  the  hair  in  swift  quadrupeds  offers 
least  impediment  to  forward  motion.  Some  small  borrowers, 
which  move  backward  as  well  as  forward  in  their  long  and  narrow 

' XX.  vol.  iii.  p.  243. 

’ )-^cimiCHT  ha»  gsren  ample  details  of  the  dispo.sition  of  the  hair  in  I ho  human 
foetus,  in  ccxxx". 
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tunnels,  would  be  inconvenienced  by  such  unchangeable  dispo.si- 
tion  of  their  fur.  Accordingly  in  Moles,  Shrews,  and  Platyjn, 
e.g.,  the  stem  of  the  hair  is  filamentary,  the  end  broad  and  flat, 
and  the  slender  and  e.xpanded  parts  may  alternate  twice  or 
oftener  in  the  course  of  the  hair,  enabling  the  whole  fur  to 
a.ssume  any  direction  in  which  it  may  be  stroked. 

The  heat-retaining  property  of  the  pilose  covering  is  mainly 
due  to  the  amount  of  air  it  is  able  to  retain.  The  long  curly 
character  of  the  Sheep’s  and  Llania’s  fleece  is  one  modification  to 
this  cnil ; the  swifter  Deer  and  Antelope  arc  not  so  encumbertnl ; 
but  the  hairs  composing  their  thin  but  close  and  smooth  pelt 
have  a cellular  structure  which  combines  lightness  with  the  re- 
quisite air-intercepting  fpiality. 

In  the  Horse  there  is  a central  iwint  on  each  flank,  whence 
the  hair  radiates  in  a somewhat  spiral  manner:  the  corresponding 
cetitre  in  the  Giraffe  is  a little  behind  the  middle  of  the  alxlomcn, 
tow.ards  the  lower  part.' 

The  hide  of  the  larger  Ruminants  which  arc  exposed  to  the 
elements  in  the  prolonged  act  of  grazing  is  defended  by  the 
greasincss  of  the  hair,  as  may  be  felt  in  the  recently  killed  Re<l- 
deer  or  Fallow-deer.  The  amount  of  sebaceous  matter  cxcrete<l 
with  the  hair  in  some  Antelojies  is  such  as  to  have  suggested  a 
sj)cclfic  name  in  accordance  therewith.’ 

The  varieties  of  structure  of  hair  are  extreme  : those  of  Deer 
seem  almost  wholly  to  consist  of  cellular  pith,  the  cortex  unde- 
finable:  the  tail-hair  of  the  Horse,  and  the  Pig’s  bristle,  offer 
the  op])osite  extreme  of  thickness  of  cortex  and  minimum  of  pith. 
But  these  and  other  modifications  demand  a special  micrography.’ 
Hairs  of  some  (luadruj)cds,  the  Racoon,  e.g.,  in  the  filamentary 
]>roduetions  of  the  cortical  scales,  recall  the  character  of  the 
immature  down  in  Birds  (vol.  ii.  p.  237).  In  some  Rodents,  the 
Hare,  e.g.,  several  fine  hairs  project  from  the  mouth  of  the  same 
sheath  as  the  larger  hair.  In  Mice  and  Shrews  the  margins  of 
the  cortical  scales  encompass  the  hair  and  ]>rojcct  fonvard  or 
rootward.  This  free  j)rojection  is  such  in  some  bats  that  the 
hair  jirescnts  the  appearance  of  a succession  of  ensheathed 
funnels  with  their  apices  backward  or  outward.  The  hair  of  the 
Sloth  is  fluted,  the  crust  appearing  to  be  composed  of  several 

• The  variftioft  in  this  resjK-ot  merit  more  notice  than  ihtty  have  hitherto  receiveU, 

’ Laurillartl'a  Anti/ojic  u$tctuosa  is  probably  the  bante  ua  uf 

Ogilby. 

• llrief  immeraiott  in  siil]>huric  acid  and  ch  anbiiii;  with  ether  are  re<)uiaitc  preliini* 
uarica  for  clear  and  satisfactory  microscopic  HiK*cimeus  of  hairs. 
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filaments  confluent  with  a common  central  pith.  In  the  Peccari 
the  pith  of  the  coarse  body-hair  is  crossed  by  condensed  cells  like 
beams  strengthening  the  cortex.  The  colour  of  the  hair  is  lost 
by  age  in  Man,  and  during  the  winter  season  in  the  annually 
renewed  covering  of  many  arctic  Mammals : the  cndosmotic 
transfer  of  their  contents  from  cell  to  cell  of  the  pith  eflects  this 
change.  The  hairs  of  the  Cape-Mole  are  peculiar  for  the 
iridescent  tints  they  reflect,  whence  its  generic  name,  C/in/so- 
chlnris. 

The  stiffer,  thicker  kinds  of  ‘ hair  ’ are  called  ‘ bristles : ’ when 
these  attain  unusual  length,  grow  from  the  lips,  cheeks,  and  other 
parts  of  the  head,  and  have  the  matrix  supplied  by  unusually 
large  nerves,  endowing  them  with  tactile  or  exploratory  faculties, 
(hey  are  termed  ‘ whiskers  ’ or  ‘ vibrissa:  : those  which  beset  the 
muzzle  of  the  Walrus  attain  the  thickness  and  stiffness  of  spines, 
and  serve,  also,  mechanical  uses.* 

The  muscles  moving  vibrissa; 
have  the  striped  fibre. 

§ 361.  Spines. — Over  the  major 
j»art,  including  the  more  exposed 
surfaces,  of  the  skin  of  the  Hedge- 
hogs {Erinaceus,  Cetiletes)  spines 
are  developed  in  such  numbers  and 
of  such  length  as  to  conceal  the 
hairs;  they  are  nearly  straight, 
terminate  in  a point,  and,  when 
fully  formed,  arc  smaller  at  the 
root  than  in  the  shaft.  They 
have  a thick,  stiff,  horny  cortex, 
including  a pith  of  cells  ar- 
ranged in  transverse  groups,  fig. 

488,  a.  The  matrix  is  originally 
situated  beneath  the  derm,  in  con- 
Uict  with  the  strong  ‘panniculus 
carnosus;’  but  section  of  the  skin 
shows  the  roots  and  sheaths  of  the  quills,  extending  to  different 
depths  according  to  the  period  of  their  growth:  the  newly 
formed  ones  are  lodged  deep,  and  tcrniinatc  witliout  contracting, 
the  pulp  being  large  and  active, and  the  cavity  containing  itofeorre- 
s|)onding  size;  but  as  the  growth  of  the  quill  proceeds,  the  reflected 
integument  forming  the  sheath  gradually  shortens  and  draws  the 
(piill  nearer  the  surface;  the  pulp  is  at  the  same  time  progres- 

' XX.  vol.  iii.  p.  21‘i.  * II>.  p.  246. 


488 


cllnn  <if  ^kln,  with  of  Krilgcliog  : 

(I,  of  »piiu’ 
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sivcly  absorbed,  and  the  base  of  the  quill  is  contracted  in  dia- 
meter, until  it  adheres  to  the  surface  of  the  derm  by  a narrow 
neck,  below  which  is  a slightly  expanded  remnant  of  the  matrix. 
The  disjK)8ition  of  the  dermal  muscles  subserving  the  spiny  armour 
of  Erinaceits  europaus,  is  given  at  pp.  18,  19,  figs.  7 and  8. 

In  the  Porcupine  {^Ilijstrix  cristatd)  the  spines  attain  so  great  a 
length  that  they  are  called  ‘ quills.’  The  formative  pulp,  fig.  489, 
e,  is  longitudinally  furrowed  ; to  it  is  due  the  cellular  pith : the 
capsule  or  inner  layer  of  the  theca  is  reflected  into,  or  fills,  the 
pulp-grooves,  and  deposits  therein,  and  continuously  around  the 
whole,  the  horny  cortex : the  consequent  arrangement  of  crust 
and  pith  is  such  as  in  transverse  section  to  give  the  figure,  fig.  489. 
Beneath  the  matrix  is  a cavity  like  a minute  ‘ bursa  mucosa,’  which 
allows  much  freedom  of  motion  to  the  quill  when  acted  ujH>n  by 
the  muscle,  d,  of  the  sheath,  f ; a sebaceous  gland,  h,  serves  the 
quill  opening  into  the  sheath  near  the  outlet.  When  the  growth 
is  completed,  the  matrix  shrinks,  and  the  same  movement  to  the 
periphery  of  the  derm  takes  place  as  in  the  spines  of  the  Hedge- 
hog. Thus  it  ha]ipens  that  when  the  quills  of  the  Porcupine  are 
violently  shaken  by  the  action  of  the  cutaneous  muscle,  c,  the 
adhesion  of  some  old  (juills  to  the  denn  has  been  so  reduced  that 
they  are  thrown  ofti 


4SU 


Section  of  skill,  ivith  matrix  aitd  riKii  of  quill : i,  section  of  quill,  rorrupinr. 


§ 362.  Scales. — Only  one  genus  of  Mammal  (Mam's)  offers  a 
covering  of  scales ; and  with  them  are  associated  hairs.  The  scales 
arc  large,  epidermal  or  horny  in  tissue,  and  imbricate  or  overlaj)- 
ping,  with  the  free  border  turned  backward,  vol.  ii.  fig.  158.  The 
external  surface  of  the  derm  is  raised  into  large  rhomboidal  pro- 
cesses, upon  which  the  scales  are  moulded : beneath  the  derm  is 
a thick  ‘ panniciilus  carnosus,’  adapted  to  draw  the  integument 
around  the  animal  as  a means  of  defence,  and  connected  with 
muscular  slij)s,  which  erect  the  scales. 
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A few  other  Mammals  show  partial  deposits  of  scale-shaped 
cuticle.  Thus,  iu  the  tail  of  the  Beaver  the  epiderm  is  disposed 
in  hard  scale-like  plates,  the  anterior  margins  of  which  project 
obliquely  inwards,  and  develoj)  small  pointed  processes  which  pass 
into  corrcsjHmding  depressions  of  the  derm.  In  the  great  Flying 
Dormice  of  Africa  {Anomalurus)  there  is  a double  row  of  alternate 
overlapping  horny  plates  at  the  under  part  of  the  base  of  the  tail, 
reminding  one  by  their  size  and  strength  of  the  scales  of  Munis. 

§ .363.  Nails,  Claws,  and  Hoofs.  — The  derm  covering  the  ends 
of  the  digits,  in  Man,  is  closely  connected  or  confluent  with  the 
perioste  at  the  back  of  the  last  phalanx,  and  forms  near  its  base  a 
crescentic  groove  or  ‘ nail-bed,’  from  the  ridged  and  highly  vascular 
surface  of  which  a solution  of  epidermic  material  exudes,  which 
material  formifies  as  cells,  at  first  vertical  to  the  surface;  then, 
when  pushed  ofi’  by  a succeeding  precipitate  of  cells,  becoming 
flattened,  and  ultimately  condensing  or  coalescing  into  the  horny 
plate  termed  the  ‘ nail.’ 

In  the  hoofed  quadrupeds  the  ridged  or  laminate  vascular  denn 
or  demio-perioste  extends  over  the  fore  and  lateral  parts  of  the 
last  phalanx,  and  similarly  provides  it,  with  a thick  hard  horny 
wall,  in  great  part  of  which  the  primitive  ceils  have  condensed 
into  fibres  perpendicular  to  the  plane  by  which  the  superincumbent 
weight  is  transferred  to  the  ground.  In  the  Horse  the  formative 
lamella:  are  shown  in  fig.  17,  at  ir  ; the  resulting  hoof  being 
turned  off  to  expose  the  horny  lamelhu,  ib.  3,  which  interlock  with 
the  vascular  lamella;.  From  the  greater  part  of  the  derm  cover- 
ing the  under  surface  of  the  foot  horny  matter  arranged  as  vertical 
fibres  is  also  formed,  completing,  with  the  denser  front  and  side 
walls,  the  case  called  ‘ hoof.’  The  fibrous  ej)iderm  on  the  sole  of 
the  bisulcate  foot  of  the  Ruminant  is  very  thick,  but  less  dense 
than  in  the  soliped.  Further  particulars  of  the  structure  of  the 
Horse’s  hoof  are  given  at  j>p.  39-41. 

In  Carnivora  the  base  of  the  last  phalanx  forms  a ‘ nail-bed  ’ 
much  decj)er  than  in  Man,  a jtlate  of  bone  being  reflected  forward 
like  a sheath  for  the  base  of  the  terminal,  prominent,  and  ]H>intcd 
part  of  the  phalanx.  The  denno-perioste  of  this  bed  develops  a 
very  dense  horny  sheath  covering  the  claw-core,  and  reciprocally 
received  at  its  base  within  the  ‘ bed  ’ or  sheath  fonned  by  that 
part  of  the  ungual  phalanx.  For  the  form  of  such  ‘ claw  ’ in  the 
Felines,  and  the  muscular  and  elastic  structures  connected  there- 
with, see  pp.  69,  70,  and  fig.  36.  The  maximum  of  claw-develop- 
ment is,  however,  presented  by  the  Armadillos  (vol.  ii.  figs.  272, 
276),  the  Sloths  (ib.  fig.  280),  and  the  Anteaters  (ib.  fig.  263):  in 
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the  gigantic  extinct  members  of  the  order  Ilruta  (^Megatherium, 
fig.  279,  e.g.)  the  claws  and  their  core  or  BujUKirting  bone 
rivalled  the  horns  of  many  Ruminants  in  bulk. 

§ .364.  Horns. — The  honi  of  the  Rhinoceros  consists  of  a 
uniform  compact  agglutinate  mass  of  epidermal  fibres,  the  slightly 
concave  base  of  which  is  attached  to  the  dermo-j>eriostc  of  as 
slightU'  elevated  a rugous  tract  of  bone:  it  is  medial  in  jwsition 
and  symmetrical  in  shajK*. 

The  Asiatic  continent  and  the  Island  of  Java  have  the  one- 
horned species  called  Rhinoceros  indirus  and  Rh.  sondairus  (vol.  ii. 
p.  284,  fig.  165):  the  same  continent  and  the  Island  of  Sumatra 
have  the  two-horned  sjtecies  (/:A.  sumntra/ins);  all  the  known 
kinds  of  Rhinoceros,  four  in  number,  of  Africa  are  two-horne<l  : 
in  these  one  horn  is  behind  the  other  in  the  same  medial  tract  of 
the  upper  ]>art  of  the  skull.*  The  nasal  Imnes  support  the  constant 
or  anterior  horn  : when  a second  is  suj)cradded  it  is  attachetl  to 
the  frontals,  and  is,  usually,  shorter  than  the  first;’  in  Rhinoceros 
Osirel/ii  considerably  shorter;  but  in  Rh,  Ketloa  it  is  almost  or 
(|uite  as  long  a-s  the  first  horn,  but  is  straight.  The  horn  or 
horns  of  the  female  Rhim)ceros  are  usually  .shorter  or  smaller  than 
in  the  male.  In  the  young  one-horned  Rhinoceros  living,  from 
1834  to  1849,  at  the  Zwdogical  (Jardens.  the  new  fibres  of  the 
growing  horn  were  chiefly  added  to  the  front  and  sides,  those  at 
the  back  decaying,  and  by  this  direction  of  .addition  the  horn  pre- 
served its  relative  ]M)sition  to  the  fore  part  of  the  grt)wing  head. 
This  local  decay  and  renovation  became  less  conspicuous  after  tbc 
animal  had  gained  its  full  size;  and  in  the  long  horns  of  aginl 
individuals  the  whole  basal  eircumference  presents  the  same 
smooth  and  i>olished  surface,  the  reception  of  .additional  matter 
being  then  restrictc<l  to  the  eompleteil  area  of  the  base. 

Raise  and  prolong  the  bone  covered  by  the  vascular  horn- 
forming tegument,  and  the  ne.xt  type  of  horn  would  result.  In 
most  Ruminants  (()xen.  Antelopes,  Goats,  Sheep)  a ]>air  of  pni- 
cesscs  extend  from  the  frontal  lM)nes,  the  dermo-j>erii>stc  of  which 
develops  a sheath  comjHtscd  of  horny  fibres:  but  the  sup]sirting 
process  is  long  and  conical,  an<l  the  horn  which  sheaths  it  is  corre- 
spondingly hollow,  whence  the  Ruminants,  so  armed,  are  tcnnetl 
‘ hollow-horned.’  The  bone  is  termed  the  ‘core:’  it  has  usuallv 
a riigons  or  gnsived  exterior:  in  Itoridec  and  Orida-  the  frontal 

’ Till*  nasaln  of  the  UhintH'rrnH  imnntus,  ('uv.,  mIiow  a tranj^rt'rM*  p»ir  of  *>niaU 
nn*l  ►RKKith  foniral  which  cannot  confnh-ntlv  infcTrctl  to  have  »•u^tnim'tl 

hornn:  like  the  I Wliovo  it  to  have  hn>n  horDte>’». 

* Then*  arc  r»*port«,  ncitiiog  confirmation,  of  n '»m«U  thin!  horn,  a rare  rarictv. 
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sinuses  extend  therein ; in  Antilopidte  the  core  is  solid  or  but 
slightlj  excavated  at  the  base.  In  an  Indian  species  {Antilope 
quadricornis,  fig.  491)  two  pairs  of  hom-cores  are  developed  from 


Skull  of  Ox  with  horn-core,  a,  and  horn,  h. 


491 


the  frontals;  the  same  peculiarity  characterised  the  gigantic 
extinct  Antelopes  {Bramatherium  and  Sivatherium,  vol.  ii.  p.  473, 
fig.  322),  and  they  also  combined  the  branched  character  of  the 

horn  in  the  hinder  pair,  which  is 
at  present  restricted  to  the  single 
pair  borne  by  the  Prong-hom  An- 
telope {Antilocapra  Americana,  fig. 
492). 

4S3 


of  {onr  horticd  Aiaolofw. 


Branched  homa  of  the  I^rong-born. 


In  the  true  Oxen  {Bos)  the  hom-cores  spring  from  the  posterior 
angles  of  the  frontals,  fig.  490  : in  the  Bisons  {Bison)  their  origin 
VOL.  HI.  8 s 
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is  a little  iti  advance  of  these  angles  (vol.  ii.  fig.  320):  in  the 
Biiifaloes  and  Bubalinc  Antelopes  the  horn -cores  rise  by  bn->ad 
and  extended  bases,  meeting  at  the  mid-line  (^Bubahu  Ctijfrr, 
U,  moschatus,  B.  Gnu):  in  Antelopes  the  origin  of  the  horns  are 
more  in  advance.  The  shape,  size,  length  and  direction  of  the 
horns  vary  extremely  in  the  hollow-homed  Ruminants : in  many 
they  are  transversely  ridged  or  annulate ; but  several  rings  may 
be  I'oriued  in  one  year ; a periodical  activity  of  growth  is  notice- 
able in  most,  as  in  the  Ram  and  Goat,  toward  the  period  of  the 
rut.  Horns  are  usually  present  in  both  sexes ; but  in  some  genera 
of  Antelopes  ( Tragelaphus,  Cervicapra,  Cephalophus,  e.g.)only  in 
the  male.  Jn  Antilocapra  the  rudimental  horns  in  the  female 
are  sometimes  conspicuous,  but  ai-e  small,  short,  and  simple,  as  in 
the  yearling-buck. 

The  Prong-buck  acquires  its  full-sized  horns  by  progressive 
growth  of  the  persistent  core  and  by  annual  shedding  and  renewal 
of  the  extra-vascular  sheath.  The  latter  phenomena  have  been 

witnessed  and  reconled  by  two 
trustworthy  observers.  Mr. 
Bartlett  noticed  their  fall  in  a 
young  male  at  the  Zooh)gical 
Gardens,  November  7th,  1865: 
the  shed  sheath  was  8 in.  long, 
and  showed  an  obtuse  begin- 
ning of  the  lower  prong  of  the 
fork,  fig.  493,  A,  c.  The 
dermo-jicriostc  of  the  core  does 
not  lose  its  vascularity  : the 
shedding  of  tlte  agglutinated 
fibres  of  the  sheath,  like  that 
of  the  ordinary  hair,  is  due  to  the  obliteration  of  the  matrices  of 
these  fibres  and  their  extrusion  from  the  dermo-perioste ; wliich, 
in  the  meanwhile,  has  begun  to  develope  a new  coat  of  fibres,  ib.  b. 
These,  on  tlie  shedding  of  the  old  mass,  appear  as  an  abundant 
covering  of  long,  straight,  silky  and  light^coloureJ  hairs,  ib.  d, 
the  growtli  of  which  mechanically  uplifts  and  pushes  oft’  the  oM 
sheath.  The  new  sheath,  4 inches  long  when  so  exja>sc<l,  grew 
to  6 inches  in  the  course  of  three  weeks,  at  which  time  the  fibres 
had  begun  to  felt  or  agglutinate  into  a compact  horn  at  the  sum- 
mit, fig.  493,  B,  <•.' 

Dr.  Canfield  observed  in  a young  yearling  male  Prong-buck, 
which  he  had  cai>tive,  at  Monterey,  California,  the  growth  of  the 

' ccx.mt".  p.  710. 
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first  pair  of  horns  commencing  in  July  (1855),  and  attaining  the 
length  of  ^ths  of  an  inch  and  the  form  of  a mammillary  knob  ; 
the  sheath  was  shed,  early  in  December,  leaving  the  core  | an 
inch  long,  and  covered  by  fine  silky  hairs : in  a week  the  agglu- 
tination of  the  summit  into  compact  horn  commenced.  In  Oc- 
tober 1857,  the  animal  being  two  years  and  a half  old,  the  horns 
were  9 inches  long,  and  the  anterior  prong  was  indicated  by  a 
protuberance,  as  in  fig.  493,  a,  the  agglutinate  tip  of  which  soon 
became  confluent  with  that  of  the  main  stem.  The  phenomena 
noted  between  1855  and  1857  indicated  an  annual  shedding  of 
the  hom-core.'  It  is  probable  that  such  takes  place,  also,  in 
the  fully-formed  horn  and,  in  the  month  of  November,  as  a 
rule.* 

The  Giraffe  has  a pair  of  small,  short,  cylindroid  unbranched 
horns  which  consist  of  bone  covered  by  hairy  skin  terminated  by 
a tuft  of  coarser  hair.  The  bones  are  not  processes  of  the  skull 
but  arc  joined,  like  epiphyses,  by  ‘ synchondrosis  ’ to  both  frontal 
and  parietal  bones,  the  base  crossing  the  coronal  suture.  They 
are  present  in  both  sexes  (vol.  iL  p.  476,  fig.  325);  and  the  young 
is  bom  with  such  horns,  being  the  sole  homed  mammal  that 
enters  the  world  with  these  weapons.* 

In  Deer  (^Cervida)  the  horns  consist  wholly  of  bone  which 
grows  from  the  frontal,  the  periosteum  and  finely  haired  integu- 
ment, called  ‘ velvet,’  co-extending  therewith  during  the  {>eriod 
of  growth ; at  the  end  of  which  the  formative  envelope  loses  its 
vascularity,  dries  and  is  stript  oft',  leaving  the  bone  a hard  in- 
sensible weapon.  After  some  months’  use,  as  such,  the  horns  or 
more  properly  ‘ antlers,’  having  lost  all  vascular  connection  with 
the  skull,  and  standing  in  relation  thereto  as  dead  appendages, 
are  undermined  by  the  absorbent  process  and  shed ; whereujKm 
the  growth  of  a succeeding  pair  commences.  The  shedding  of 

' ccuV.  p.  108. 

* Thus  Dr.  Canfield  otjaerree; — ‘In  the  month  of  Decemlar  ami  January  I hare 
never  killed  a buek  vith  large  hnma;  and  at  that  time  of  the  year  all  the  bucks 
appear  to  lie  young  ones,  Ixcaure  their  homi  are  so  small,  uhen'n.s  in  the  spring  and 
summer  months  almost  all  the  bucks  ajtpcar  to  l>e  old  ones,  for  their  horns  are  then 
large  and  noticeable.’  He  also  remarks; — ‘ In  the  summer  months  the  lino  of  demar- 
eation  is  very  apparent  and  abrupt  between  the  horn  and  the  stin  from  which  it  grows, 
but  that  in  winter  there  is  no  demarcation,  the  horn  lieing  very  soft  at  its  liase.  pass- 
ing insensibly  into  entieular  tissues,  and  the  homy  substance  lading  covered  thinly 
with  hair.'  lb.  p.  108. 

’ cfixvi".  p.  •J.’j.  A broad  obtuse  eminence  formed  by  thickening  of  cuiitiguons 
ports  of  the  two  frontals  at  the  jiart  of  the  frontal  suture,  the  laise  of  which  eminenen 
is  often  inegularly  excavated  or  undermined  by  vesseU,  hjis  been  mistaken  for  a third 
horn,  articulated  to  the  frontals.  See  xevn'.  p.  219  ; and  section  through  this  part, 
vol.  ii.  fig.  326. 
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the  antlers  coincides  with  that  of  the  hair,  and,  with  the  renewal 
of  the  same,  is  annual. 

As  a rule  the  antlers  of  deer  are  branched : their  base  expands 
into  a series  of  dense  osseous  tubercles  (vol.  ii.  fig.  327,  b)  called 
the ‘burr;’  this  ridge  defends  the  edge  of  the  frontal  skin  and 
periosteum,  which  terminates  abruptly  beneath  it,  usually  on  a 
persistent  process  or  ‘ pedicel : ’ the  vessels  co-extended  with  the 
‘ velvet’  during  the  growth  of  the  antler,  check  the  continuous 
development  of  the  basal  ridge,  and  leave  it  notched  and  per- 
forated. The  ‘ burr’  is  not  the  mechanical  cause  of  the  oblitera- 
tion of  the  vessels.  To  suppose  that  the  growth  of  the  antler  is 
stopped  by  sudden  suppression  of  its  supply  of  blood — by  a sort  of 
bony  ligature  of  the  arteries — exemplifies  a shallow  physiology  : ' 
the  ebb  of  bhwd,  like  the  flow  or  ‘determination  ’ to  the  periodically 
growing  part,  whether  ‘ horn  ’ or  ‘ testicle,’  is  due  to  deeper  con- 
stitutional conditions.  As  the  vessels  of  the  antler  gradually 
diminish  in  size,  the  ‘ burr’  encroaches  ujion  their  channels  ; but 
of  these  sufficient  remains  in  the  form  of  perforations  and  notches 
to  allow  blood  enough  to  pass  to  the  ‘ velvet,’  if  its  entire  dc|iri- 
vation  of  nourishment  were  not  a pre-ordained  condition,  inde- 
pendent of  the  ‘ burr.’ 

The  stem  or  body  of  the  antler  is  termed  the  ‘ beam  ’ ; its 
branches  are  the  ‘ tynes,’  its  branchlets  the  ‘ snags  ’:  the  first  or 
lowest  branch  is  the  ‘ brow-tyne,’  as  projecting  from  the  fore- 
part of  the  base,  forward,  fig.  494,  m ; the  second  is  the  ‘ beze  ’ 
or  ‘ bez-tyne,’  ib.  n ; the  third  is  the  ‘ royal,’  ib.  o ; the  upper 
ones,  which  arc  more  or  less  clustered  on  an  expansion  or  ‘ crown  ’ 

of  the  beam,  are  tbc  ‘ sur- 
royals,’  ib.  p.  When  a 
branch  is  sent  ofiS"  from 
the  hind  part  of  the  beam, 
as  in  Megaceros,*  it  is  a 
‘ back-tyne : ’ this  is  long 
and  Biibpalmatc  in  the 
Chinese  C.  davidianim.* 
In  the  Red-deer  ( Cer- 
vus  elnphns),  as  in  all 
other  species,  the  first 
pair  of  antlers  which  the 
young  male  dcvelopcs  in  the  sj)ring  of  the  year  after  his  birth, 
consist  of  beam  only,  fig.  494,  a;  they  are  called  ‘dags,’  and 
the  animal  carrying  them  is  a ‘brocket:’  the  next  year's  pair 
' xcvi'.  p.  618.  • XTii'.  p.  466.  • ccxi.",  p.  27,  pi.  4. 
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tlevelope  the  ‘ brow-tyne,’  h,  and  characterise  the  ‘ spayad,’ 
but  occasionally  a ‘ royal  ’ also  appears,  as  at  c : the  bez-tyne, 
a ‘ royal  ’ and  short  ‘ sur-royal,’  characterise  the  antlers,  ib.  d,  of 
the  ‘ stajfgard  ’ or  male  of  the  fourth  year : in  the  fifth  year 
the  antlers  assume  the  type  of  e,  and  the  animal  is  a ‘stag.’ 
They  go  on  increasing  in  size,  length  of  tyncs,  and  number  of 
those  diverging  from  the  expanded  crown,  ib.  _/*,  p,  until  the  male 
becomes  a ‘great  Hart’,  and  may  be  ‘ sununed  of  from  10  to 
16  points.’  Rarely,  however  does  a Red-deer  of  the  restricted 
‘ forests  ’ of  Britain  or  France,  now  become  a ‘ Cerf  de  dix  cours.’* 
But,  with  a range  affording  choice  of  favourite  food,  and  under 
other  conditions  of  constitutional  vigour,  among  which  may  be 
reckoned  the  absence  of  that  irritation  of  nerves  caused  by  the 
dread  and  persecution  of  man,  the  bony  sexual  appendages  of  the 
skull  have  attained  grand  projwrtions.  The  largest  which  I have 
personally  examined  are  of  a Red-deer,  killed  some  centuries  ago 
in  Wallachia.  The  length  of  each  antler  from  burr  to  extreme 
tip,  following  the  curve  of  the  beam  is  5 feet  8 inches : the 
crown  divides  into  four  primary  tynes,  the  subdi\Tsions  or  snags 
of  which,  included  wth  the  ordinary  tynes,  give  a total  of  up- 


wartls  of  20  points  ; the  weight  of  the  pair  is  74  lbs.  avoird.  These 
antlers  are  now  in  the  possession  of  Earl  Powerscourt,  by  whom 
I have  been  favoured  with  the  opportunity  of  inspecting  them. 

In  the  Fallow-deer  the  yearling  fawn  ‘puts  up’  a conical. 


commonly  slender  dag,  fig. 
495,  a ; so  long  as  it  is  car- 
ried the  animal  is  a ‘ pricket’ ; 
the  antler  of  the  following 
year  is  longer,  and  sends  off 
two  tynes,  ib.  b ; such  antlers 
characterise  the  ‘ sorel  ’ : the 
third  pair,  increasing  in  size, 
show,  in  addition  to  the  two 
anterior  tynes,  an  expan- 
sion of  the  beam  with  two  or 
more  short  snags,  ib.  c ; they 
characterise  the  ‘ sore  ’ or 
buck  of  the  fourth  vear:  in 


• 495 


Antler*  of  Sad  to&tb  year  Ln  the  Fanow-de^. 


the  fifth  the  antlers  assume  the  form  characteristic  of  the  species, 
ib.  d ; and  the  animal  is  a ‘ buck  of  the  first  head.’  In  the  seventh 
vear  the  antlers  have  acquired  their  full  size  and  their  best 


' The  foregoing  terms,  with  those  npplicsl  to  the  Fallow.de«r,  helong  to  ‘ t enery,’ 
or  iLe  Art  of  the  Chase. 
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condition,  in  regard  to  length  and  aharpnese  of  anags,  for  weapons 
of  combat : the  buck  is  now  ‘ full-headed.’  After  the  seventh 
year  the  antlers  are  thicker,  heavier,  more  obtuse,  becoming  I 
shorter  in  the  beam,  and  especially  in  the  branches.  The  | 
antlers  of  the  Fallow-deer  are  shed  in  May  ; their  growth  is 
complete  in  August ; they  are  ‘ burnished,’  or  the  formative  cover- 
ing is  stripped  or  rubbed  off,  early  in  September ; prior  to  this 
they  are  said  to  be  ‘ in  velvet’,  the  fine  hairs  clothing  the  tempo- 
rary skin  resembling  the  pile  of  velvet  In  the  Red-deer  these 
annual  phenomena  occur  about  a month  earlier.  Soon  after 
burnishing,  the  combative  instincts  of  the  males  arise;  and,  when 
the  swelling  of  the  throat  and  the  ‘ belling  ’ challenge  announce 
the  ‘ rut,’  the  combats  ensue  d V ovtrance : thereupon  the  coin- 
cidence of  the  perfection  of  the  antlers  with  the  acquisition  of 
maturity  of  strength  and  wind,  enabling  the  male  to  wield  them 
in  the  most  efficient  manner,  gives  him  the  eomraand  of  the  field, 
and  he  drives  off  every  younger  and  less  favoured  antagonist 
from  his  chosen  seraglio  of  hinds  or  docs.  The  antlers  of  an 
older  buck  or  stag,  though  more  massive,  are  more  obtuse ; the 
addition  to  the  bulk  of  the  body  is  then  due  to  other  matters  than 
working  muscle,  and  the  animal  is  sooner  ‘ out  of  wind.’  Con- 
sequently the  male  that  has  been  the  victor  of  one  year  is  con- 
quered by  the  younger  one,  now  in  his  prime,  who  ventured 
into  combat  with  him  and  was  beaten  the  previous  year.  Thus 
is  provision  made  for  the  propagation  of  the  race  by  the  best  and 
strongest.  It  may  further  be  remarked,  that  the  fawns  are 
‘ dropped  ’ at  a time  when  the  paternal  antlers  are  shed ; and  the 
males,  which  are  vicious,  are  thus  deprived  of  the  power  of  in- 
juring the  young  during  their  more  tender  period  of  life. 

The  Kein-deer  {Cervus  tarandus)  is  one  of  the  very  few  Cer- 
vid(c  in  which  antlers  are  developed  by  the  female:  they  are 
shed  and  renewed  as  in  the  male,  but  are  much  smaller.  In  the 
male  they  are  remarkable  for  the  length  and  forward  curvature 
of  the  beam,  and  for  the  length  and  broad  terminal  snagged  ex- 
panse of  the  tynes,  especially  of  the  brow-tynes,  which  also  con- 
verge with  occasional  decussation  of  snags ; w’hence  Cicsar  was 
led  to  describe  the  Rein-deer  haunting  Germany  and  the  South  of 
France,  in  his  day,  as  having  a third  horn  growing  out  of  the 
middle  of  the  forehead.'  The  opposite  extreme  is  seen  in  C.  da- 
ridianus,  in  which  the  brow-tynes  are  wanting.  In  the  Elk  {Jlrei) 
they  are  represented  by  the  lower  tynes  of  the  generally  exp.anded 
antler.  Species  of  deer  of  small  size,  e.g.  the  Roe  {C.  capreolus) 

’ CCXMl". 
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and  the  South  American  C.  rufus,  C.  simpHeicomis,  have  antlers 
more  or  less  in  the  condition  of  ‘ dags  ’ at  all  ages. 

If  a Fallow-buck,  with  antlers,  be  castrated,  they  are  shed 
earlier  than  usual,  and  by  a more  active  absorbent  proces.s,  which 
leaves  an  irregular  concavity  at  the  base : the  antlers  that  are  sub- 
sequently developed  are  small,  seldom  branched,  retain  the  ‘ vel- 
vet ’ longer  than  usual,  and  become  thickened  by  irregular  tuber- 
culate  masses  of  bone.  If  a young  buck  be  castrated  before  it 
has  ‘put  up’  antlers,  it  does,  afterwards,  in  sfjme  instances, 
develope  them,  but  of  reiluced  size  and  abnormal  shape,  retaining 
them,  with  their  formative  covering,  longer  than  usual.  Occa- 
sionally, though  rarely,  they  are  shed  and  renewed  : but  such 
shed  antlers  of  a ‘ heainer’  or  castrate  deer  are  characterised  by 
the  excavation  of  their  base.'  The  normally  shed  antlers  of  per- 
fect males  have  the  base  flat  or  convex,  and  almost  smooth.  A 
rare  instance  of  the  sexual  relation  of  antlers,  the  coincidence,  viz. 
of  a small  one  with  a diseased  ovary  of  the  same  size,  in  a fallow- 
doe,  has  been  recorded.’ 

In  most  deer  the  antlers  are  supported  on  permanent  processes, 
or  ‘ pedicels,’  varying  in  length  in  different  species,  and  attaining 
their  greatest  in  the  Muntjac  {Cercus  Mun^ac,  vol.  ii.  p.  478, 
fig.  328),  which  thus  seems  to  shed  only  half  its  horns.  The  per- 
sistent integument  of  such  pedicels  is  always  defended  by  the 
burr  (ib.  b),  below  which  the  absorbent  process  takes  place  at 
the  shedding  period. 

Thins  Deer  are  the  only  Ungulates  that  annually  shed  their 
boms : the  Prong-buck  is  the  only  known  hollow-homed  Rumi- 
nant that  annually  sheds  the  cxtravascular  part  of  the  horn,  called 
the  ‘ sheath.’  The  horns  of  U ngulates  may  be  summarised  as  con- 
sisting either  of  horn  only  {Rhinoceros),  of  bone  only  {Cervus), 
of  horn  and  bone  {Bos),  or  of  skin  and  bone  ( Camelopardalis). 

* Redr«  dictam : — * Si  cenrns  wwtirtnr,  nondum  ciinissis  cornabu*,  romna 

titinqii&ni  emittit:  si  ca.«<frettir  jam  emiMU  eorsobus,  eomaa  nonquam  matai;  sed 

dtun  castmtar  habet,  caatratus  semper  rrtinet’  (ccxxvii".p.  162): — is  adoptni  hj 
Budijo  : — * Si  r<iO  fait  cette  optjratioo  daos  Ic  tempa  qu'il  a mis  Ias  tete,  il  ne  s'cd 
forme  pas  hoc  ocorelle ; et  si  oo  ne  la  fait  au  contraire  que  dans  le  temps  qu’il  a refalt 
sa  tete.  elle  ce  tombe  plus;  ranimal,  en  un  mot,  reste  p«>ur  toute  sa  rie  tlaos  I'^tat  oh 
il  ^tait  lonsquil  a subi  la  castration/  cxxii'.  tom.  ti.  p.  81. 

The  exp«  riineDt«  (xut.  pp.  690,  591),  which  Sir  Philip  de  M.  Orev  Effcrton,  Bart., 
wajisokindas  to  hare  matle,  at  my  suj^^f^ioD,  on  Fallow-deer,  in  OuU<m  Park. 
yivldctJ  in  the  main  the  results  pren  in  the  text.  It  is  desirable  that  similar  experi- 
ments should  be  rej’sated  in  the  Kei*-deer.  Two  males  of  Rein-deer,  said  to  be  cas- 
tnites.  at  the  Zoolo^al  Gardens,  and  which  hare  nerer  shown  sign  of  rut,  hare  shed 
and  reprodaod  antlers  of  normal  f«>nn,  and  nearly  full  siae  during  three  consecutive 
rears. 

* ccxLiii^,  p.  366. 
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CHAPTER  XXXVL 

PECULIAR  GLANDS  OF  MAMMALIA. 

Most  species  of  the  Mammalian  class  have  their  peculiar  odour, 
■whereby,  mainly,  the  individuals  of  such  recognise  each  other ; 
and,  in  the  gregarious  kinds,  a stray  one  may  be  guided  to  the 
herd  by  scenting  the  secretion  which  has  been  left  upon  their 
track.  Such  odours  are  commonly  due  to  follicles  or  glands 
opening  uiK)n  some  parts  of  the  skin  ; but  there  are,  likewise, 
glands  subserving  other  uses,  peculiar  to  certain  species. 

§ 365.  Opening  upon  the  head. — In  many  Ruminants  and  some 
hogs,  a depression  or  inverted  fold  of  skin,  near  and  usually 
anterior  to  or  below  the  orbit,  is  perforated  by  the  ducts  of  nu- 
merous more  or  less  developed  sebaceous  follicles,  discharging 
their  secretion  into  the  cavity.  As  this  is  often  placed  so  as  to 
receive  an  overflow  of  the  lacrymal  secretion,  and  as  a corre- 
sponding depression  is  usually  present  in  the  large  facial  j)late  of 
the  lacrymal  bone,  it  has  been  termed  by  French  naturalists 
‘larmier:’  by  English  writers,  the  tegumentary  sac,  with  its 
glands  and  muscles,  is  called  ‘ suborbital  pit  or  sinus.’  In  the 
Indi.m  Antelope  {Antilope  cervicapra),  it  is  large  and  deep  : a few 
short  hairs  project  between  the  glandular  orifices  at  the  l>ottom 
of  the  sac : its  circumference  is  entire  and  provided  with  radiating 
and  circular  strata  of  muscular  fibres  on  the  surface  next  the 
depression  of  bone  in  which  it  lies : by  these  muscles  the  tegu- 
mentary pit  can  be  expanded,  contracted,  protruded,  and  partially 
everted,  whereby  the  glandular  surface  may  be  brouglit  into  con- 
tact with  and  rubbed  against  foreign  bodies  : the  follicles  are  mul- 
tilocular  and  numerous  in  this  species.  The  o<lour  of  the  secretion, 
inclining  to  musky,  may  be  recognised  by  a stray  individual  of  a 
herd,  or  by  the  doe,  which  might  thereby  be  guided  to  her  mate. 
The  gland  seems  most  nearly  to  relate  to  the  sexual  function : it 
is  usually  larger  in  the  male  than  the  female,  and  it.s  develojnnent 
is  checked  by  castration.  It  is  present,  but  small,  in  most  goats 
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and  sheep ; also  in  many  deer,'  in  which  it  appears  as  a simple 
fissure  continued  from  near  the  lacrymal  angle  of  the  eye.  A 
similar  pit  occurs  in  a more  advanced  i>osition  in  some  antelopes ; 
such  ‘ maxillary  pits  ’ sometimes  co-exist  with  the  suborbital  ones, 
sometimes  replace  them.  A third  position  of  the  cutaneous 
gland-pit  is  more  rare,  viz.  behind  the  base  of  the  ear,  as  in  tlie 
Chamois  {Antilope  rupicapra).  With  a view  to  test  the  relation 
of  these  organs  to  the  habitats,  and  gregarious  or  solitary  habits 
of  the  Antilopidce,  I drew  up  the  subjoined  table’’: — 


Suborbilal  \ 
and  maxiU  |- 
lary  pits.  j 
Suborbital  pits 


small. 


a 

B 


Antilope  Sumatrensie.  Hab.  hilly  fore«t»;  habits  of  the  Goat, 
quadriscopa.  Sen<^l. 

ctrvicapta.  Opon  plains  of  India  ; gregarious. 
melampue.  Open  plains  of  Cafiraria ; flocks  of  six  or 
eight. 

picta.  Dense  forests  of  India  : small  herds. 
tevparia.  Open  plains  of  8.  Africa ; subgregarious. 
tragulus.  Stony  plains  and  ralleys  of  S.  Africa;  in 
pairs. 

nndanotie.  Phiins,  hides  in  underwood  ; in  pairs. 
Dorcas.  Borders  of  the  desert ; gregarious. 

Keirlla.  Stony  plains,  Senegal ; gregarious. 
euhffutturosa.  Plains,  Central  Asia;  gregarious. 
Bennettii.  Rocky  hills  of  Deccan  ; not  gregarious. 
Arabica.  Stony  hills  of  Arabia ; sub-gregarious. 
&rm;7)errtn^ii.  Hills  in  Abyssinia ; not  gregarious. 
Euchore.  Dry  plains  of  S.  Africa ; gregarious. 
pygarga.  Plains  S.  Africa ; gregarious. 

Mkorr.  Deserts  of  Morocco. 
ruJicoUiM.  Deserts  of  Nubia ; gregarious. 

Antilope  colue.  Vicinity  of  lakes ; gregarious,  migratory. 

gutturoea.  Arid  deserts,  Asia;  periodically  grega* 
rious. 


Suborbital  pits. 


& 


Suborbital  pits.  ® 


{ Antilope  Stiltiana.  Mountainous  districts,  Abyssinia  ; in  pairs. 

Ortotrague.  Mountains  of  the  Cape ; sub-gregarious. 
Thar.  Hills  of  Nepaul ; not  gregarious. 

Gastlla.  Senegal. 

Antilope  Babalue.  Mount4iins  and  deserta,  Tripoli ; gregarious. 
Caama.  Plains  of  S.  Africa  ; gregarious. 
lunaia.  8.  Africa  ; gregarious. 

Gfiu.  Karroos  of  S.  Africa  ; gregarious. 
taurina  and  Gorgtm.  S.  Africa  ; gregarious. 


Maxillary  pits. 


/Antilope 


eildcultrix.  Thickets  and  underwood,  Africa ; ? 

mergens.  Forests  and  underwood,  S,  Africa;  in  pairs. 
Griinmia.  Guinea. 

Burchellii;  8.  Africa,  in  pairs. 
perepieilla.  Bushes,  S.  Africa;  in  pairs. 

Maxu'cllii,  Ib.  ib. 


pygmtta. 


* XX.  vol.  iii.  p-  272,  no.  2101  (Orrits  tarandus).  * ccxxxm".  p.  37. 


Digitized  by  Google 


G34 


ANATOMY  OF  VERTEBRATES. 


No  suborbital, 
or  maxiilar)’ 
pits. 


Post  auditory 
pits. 


as 

*2. 

s 


Anti/ope  Strepticfras.  W'oods  and  banks  of  rivers,  CaffnuHa; 
subgTf^arious. 

sylwtticu.  Woods,  Caffraria  ; in  pairs. 
scripta. 

I A'o^.  Soni'gal. 

\ Koh,  Sen^^al. 

t'^rotragus.  Rcody  banks,  Capo ; «ubgrcgHriou«, 

I rtdunca.  Goroe. 

; cajrrtofu*.  UndfTWood.  S.  Africa  ; sut^rre^rioua. 

I Latuiuma.  Underwood,  S.  Africa  ; subgn'garioua. 

1 Antilopt  Jhtpicapra.  Mountains,  Europe  ; sul^regarious. 


No  suborbital, 
or  maxillary 
pits. 


Antilope  Addax.  Deserts,  N.  Africa  ; in  pairs. 

leucoryx.  Acacia  groves,  N.  Africa ; gregarious. 
Oryx.  Woods  and  plains,  S.  Africa  ; subpregarions. 
letiropheta.  Open  plains,  S.  Africa ; subgregarious. 
harlnUa.  Open  plains,  S.  Africa;  in  pjiirs. 
equina.  Plains,  S.  Africa;  gregarious. 
elypfiprymnut.  S.  Africa, 

Ortas.  Ope  n plains.  S.  Africa ; gri'garious. 

Canna.  Dosert,  Cape;  gregarious. 

Goral.  Elerated  plains,  Himinulay ; gregarious. 


From  the  forcfroing  summary  it  may  be  inferred  that  the 
scented  secretion  of  the  suborbital  sinus  serves  ratlier  to  attract 
or  guide  the  female,  than  a stray  individual  of  a herd.  In  the 
African  Water-hogs  a naso-maxillary  pit  opens  between  the  eye 
and  snout,  rather  nearer  the  eye. 

In  the  Elephant  a large  gland  of  a flattened  form  and  multi- 
lohate  structure,  lies  beneath  the  skin  of  the  face,  in  the  temporal 
region : the  secretion  exudes  from  a small  orifice,  situated  about 
half  way  between  the  eye  and  ear.  The  gland  enlarges,  in  the 
male,  at  the  rutting  season,  and  the  secretion  then  has  a strong 
musky  odour. 

§ 366.  Oprning  upon  the  frunli.  — In  certain  tropical  bats 
{Cheiromelr.1  torr/uatus,  Cheir.  candntus,  e.g.)  a glandular  sac 
exudes  upon  the  forepart  of  the  breast,  near  the  axilla,  a brownish 
sebaceous  secretion  of  a penetrating  submusky  odour. 

In  many  Shrews  two  longitudinal  scries  or  groups  of  glandular 
tubes,  open  upon  tlie  flanks,  at  a part  surrounded  by  short  hairs; 
the  tubes  arc  tortuous  and  closely  conglomerated  at  their  blind 
ends,  but  become  straightcr  near  their  termination.  The  peculiar 
otlour,  more  or  less  musky,  of  Suricidee,  is  due  to  the  secretion  of 
these  glands,  and  makes  the  shrew-mouse  unacceptable  as  fixul  to 
the  eat  that  may  have  killed  it. 

In  the  Peccari,  a large  gland,  fig.  496,  consisting  of  many 
lobes,  exudes  its  secretion  by  an  orifice,  ih.  b,  on  the  midline 
toward  the  liinder  part  of  the  hack.  Tlic  resemblance  of  this 
orifice  to  the  navel  on  the  opposite  part  of  tlie  trunk  suggested 
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to  Linneus  the  term  Dxcolyles,  for  this  genus  of  S.  American 
porcine  animals. 

In  many  Antelopes  there  are  situated  in  the  groin,  external  to 
the  nipples  in  the  females,  glandular  depressions  of  the  skin,  or 
pouches,  sometimes  of 

1 • ■ A ^86 

large  size,  as  in  Anti- 
lope  corinna,  e.g.,  in 
which  the  secretion  is 
yellow,  like  cerumen.' 

The  presence  or  ab- 
sence of  the  groin-pits 
in  the  different  species 
of  Antelopes  is  noticed 
in  the  table,  p.  63.3. 

The  most  notable  de- 

. DtirMt  icent  glanil,  I’cccarl ; nor-thlrd  nkt.  kIxc. 

velopment  of  scent- 

glands  and  bags,  at  the  groin,  are  those  which  open  into  the 
prepuce  of  the  small  Ruminant,  called  on  account  of  the  otlour  of 
the  secretion  ‘ Musk-deer  ’ (^Moschus  moschiferni).  The  fully 
developed  gland  at  the  fundus  of  the  sac  may  be  three  inches  in 
diameter  and  one  inch  at  its  thickest  part ; the  moist  secretion 
accumulates  in  the  cavity 
of  the  tegumentary  pouch, 
and  constitutes,  when  dried, 
the  costly  medicament  or 
perfume,  ‘ musk.’ 

The  analogous  carmina- 
tive or  antispasmodic  sub- 
stance ‘ castoreum  ’ is  the 
secretion  of  glands,  fig.  497, 
exuding  into  the  preputial 
and  ano-preputial  passage  of 
the  beaver.  They  present 
the  appearance  of  two  large 
masses,  with  a common  mus- 
cular investment  on  each  side 
the  dorsal  tract,  which  is  un- 
usually prolonged  beyond 
the  pelvis  for  their  accommo- 
dation in  that  rodent.  On  re- 

. , II  PreputlAl  aii«I  gbmlA  uf  ihc 

moving  the  muscular  layer, 

each  mass  has  its  capsule  : on  dissecting  this  away,  the  upper  mass 


crxxxvT.  vol.  ii.  p.  146. 
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is  seen  to  be  a large  ])yrifonn  bag,  fig.  497,  ]t,  with  a corru-  j 

gate<l  glandular  lining  incinbrane,  r;  the  pair  tenninate.s  by  a I 

comnion  orifice,  y,  in  the  ano-preputial  pas.sage,  q,  e,  a : the  |l 

other  ma.«s  may  be  separated  into  three  rather  compact  glands,  i 

o,  I,  h,  with  short  ducts,  ending  by  a common  orifice,  e,  e,  on  ' 

the  same  j>assage,  nearer  the  anus,  a.  The  secretion  of  these 
latter  glands  is  yellow,  viscid,  and  musky ; that  of  the  upper 
bags,  p,  r,  is  greyish-coloured  and  more  offensive:  both  secretions 
appear  to  be  mi.xcd  in  the  dried  ‘ castoreum  ’ of  coniincree,  of 
which  that  from  the  Castor  Jiber  of  Eurojie  and  Asia  has  a higher 
value  than  the  ‘ New  England  castor,’  obtained  from  the  American 
beaver. 

Ilomologues  of  the  glands,  o,  h,  of  smaller  size  and  simpler 
structure  exist  in  many  Rodents,  and  are  reckoned  as  ‘ anal : ’ 
they  are  shown  in  the  Agouti,  at  r,  s,  fig.  506;  in  the  water-vole, 
at  t,  fig.  510;  in  the  male  hare,  at  A,  I,  fig.  505;  and  in  the  female 
hare  at  q,  fig.  539.  In  Lepus  the  follicles  open  into  a deep  glan- 
dular fossa  occupying  the  interspace  between  the  rectum  and 
prepuce,  on  each  side.  Hunter,  after  noting  in  a male  Helamys 
capensis  the  jwsition  of  the  vent  ‘ about  two  inches  from  the  tail,’ 
proceeds  to  state: — ‘ About  half-an-inch  farther  between  the  legs 
is  another  opening,  similar  to  the  anus,  passing  in  the  same  direc- 
tion between  the  two  crura  of  the  os  pubis,  and  leading  to,  or  ter- 
minating in,  two  blind  ends,  between  the  rectum  and  the  bulbous 
part  of  the  urethra.  These  two  ends  are  glandular,  or  secrete  a 
whitish  mucus  ; they  arc  lined  with  a cuticle,  are  white  and  silky, 
having  a good  deal  of  short  white  hair.’  * On  each  side  of  the  ter- 
mination of  the  rectum  in  the  cloaca  of  the  Ornithorhynchus  there 
is  an  oblong  glandular  prominence,  about  four  lines  in  length  and 
two  in  breadth,  on  which  tlierc  arc  about  ten  orifices  of  fidlicles 
which  secrete  a scentetl  sebaceous  matter.  In  all  Marsupials  two 
similar  cavities  with  sebaceous  follicles  open  into,  or  near  to  the 
termination  of  the  rectum.  The  short  vestibular  or  cloacal  j>as- 
snge  in  the  two-toed  Sloth  shows  many  orifices  of  such  follicles. 

A pair  of  small  anal  bags  exude  their  secretion  near  the  verge  of 
the  anus  in  the  Armadillos. 

The  anal  gland-bags  arc  most  constant  and  best  developed,  as 
a rule,  in  the  Carnivorous  order : they  are  each  provided  with  a 
muscular  caiisule,  fig.  498,  a,  and  present  a smooth  surface  when 
this  is  removed,  as  at  5 : they  are,  also,  commonly  smooth  within, 
and  lined  by  a dense  epithelium : the  glandular  stratum  is  soine- 

' ccxxxvi.  Tol.  ii.  p.  239. 
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times  limited  in  extent,  and  usually  thickest  toward  the  orifice  of 
the  bag  which  is  just  within  the  verge  of  the  vent.  The  glan- 
dular stratum  is  thick  and  continuous  in  the  Otters  and  Skunks,  ' 
and  in  the  latter,  at  least  at  certain  seasons,  secretes  the  in- 
tolerable, penetrating  and  long-enduring  odour  for  which  these 
quadrupeds  are  proverbial, 
and  from  which  they  derive 
some  means  of  defence 
against  foes : the  orifice 
from  which  the  secretion 
is  ejccte<l  is  situated  on 
a mammillary  prominence 
(^Mephitis,  Mydaus). 

In  the  Hyxna  the  anal 
glands  are  thickest  and 
largest ; they  are  two  in 
number  on  each  side  and 
open  into  a wide  transverse 
depression  or  sinus  ex- 
tending across  and  above 
the  anus.’  In  the  Civets 
( Vivei-ra  civetta,  V,  (jenettn)  the  two  lateral  gland-hags  in- 
tercommunicate sooner,  before  forming  the  common  canal  opening 
into  the  transverse  sinus ; which,  moreover,  crosses  between  the 
vent  and  prepuce  in  the  male,  and  between  the  vent  and  vulva  in 
the  female.  The  modified  musky  odour  of  the  secretion  has  made 
it  sought  for  and  vendible,  under  the  name  of  ‘ civet.’  In  the 
Suricate  and  Ichneumon  a glandular  glossa  surrounds  the  anus. 

In  Chiromys  and  some  other  Lemurida,  the  anal  glands  are 
reduced  to  two  shallow  cutaneous  pits  at  the  sides  and  upper  part 
of  the  vent : in  higher  Quadrumana  this  trace  disappears. 

§ 367.  Opening  on  the  tail. — In  certain  large  Shrews  {Myogalen, 
Macroscelides)  the  under  part  of  the  base  of  the  tail  is  tumid, 
through  the  development  of  glandular  follicles  : these  open  there 
in  a double  row  in  the  species  which,  from  the  odour  of  their 
secretion,  is  termed  Myogalea  moschata. 

The  caudal  scent-gland  in  the  Fox  is  elliptical,  about  an  inch 
in  length ; it  is  minutely  lobulate ; each  lobule  consisting  of 
clusters  of  spherical  follicles  terminating  by  a short  duct;  the 
orifices  of  these  ducts  are  on  a linear  tract,  indicated  by  hairs  of  a 
different  colour  from  the  rest.* 

‘ XX.  vol,  iv.  p.  183,  No.  2803.  ’ Ib.  p.  181,  Nos.  2797,  2708. 

’ ccxxxii".  p.  309,  tab.  Tin. 
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Anal  Skunk.* 
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§ 368.  Opening  on  the  limbs. — In  certain  Bats  { Emballonura, 
e.  g.)a  glandular  cutaneous  sac,  exuding  a reddish  mal-odorous 
secretion,  opens  uj)on  the  anterior  border  of  the  wing,  near  the 
head  of  the  humerus.  In  Saccopteryx  (at  least  in  the  male)  a 
larger  sac,  with  a plicate  internal  surface  situated  on  the  under 
])art  of  the  wing,  near  the  ulna,  opens  by  a fissure  on  the  upper 
surface  of  the  limb. 

In  the  one-homed  Rhinoceros  { Rh.  indicus,  and  probably  in 
other  s|>ecies)  there  is  a glandular  orifice  at  the  back  part  of  each 
fiK)t,  situated  al)out  three  inches  above  the  callous  sole:  it  is  con- 
cealed in  the  middle  of  the  transverse  fold  that  runs  parallel  to 
the  intersp-ace  between  the  carpus  and  metacarpus,  and  between 
the  tarsus  and  metatarsus.  The  gland  is  of  a compressed  ovate 
figure,  measuring  one  inch  and  a half  in  length,  and  one  inch  in 
breadth : it  is  hollow,  with  parietes  from  two  to  three  lines  in 
thickness,  consisting  of  a com|)act  congeries  of  follicles,  sur- 
rounded externally  by  a muscular  and 
tendinous  capsule.  The  external  orifice 
may  be  expanded  to  a width  of  eight 
lines.* 

In  must  bisulcate  Ungulates  a similar 
gland  exudes  its  lubricating  sebaceous 
secretion  from  an  orifice  at  the  upj>er 
and  fore  part  of  the  cleft  between  the 
]>rincipal  hoofs.  In  the  sheep,  fig.  499, 
the  gland  is  elongate  and  bent  forward 
at  an  acute  angle  upon  its  duct,  (indi- 
cated by  the  bristle  in  the  figure  and 
preparation).  These  post-digital  and 
interdigital  glands,  in  ungulate  quadru- 
]>cds,  seem  to  relate  to  lubricating  or  greasing  the  hoofs. 

The  most  remarkable  of  the  ‘ peculiar  glands  ’ in  the  Mamma- 
lian cla.s8,  and  one  that  relates  most  closely  to  sex,  is  that  which 
in  the  mature  male  Monotremes  sends  its  duct  to  terminate  in 
the  hollow  spur  projecting  from  the  heel.  The  character  is  not 
manifested  in  the  young  animal.  A small  spur  concealed  in  a 
cavity  or  socket  of  the  integument  covering  the  heel,  the  bottom 
of  which  closely  adheres  to  the  accessory  tarsal  ossicle,  exLsts  in 
the  immature  of  both  sexes.*  As  the  young  animal  advances  to 
maturity  the  cutaneous  socket  increases  in  width  and  depth  in  the 
female,  but  without  any  corresponding  growth  of  the  rudimentary 

' v",  p,  3t.  pi.  ix.  1 and  2.  > xx.  T<il.  iii.  No.  ‘Jlii'J  n. 

’ A m.ippiifi'‘d  viiov  ol  tlip  part  in  the  young  male  is  given  in  i.xxviii'.  pi.  32,  Kgs.  1 A 5. 


luu  runfulatf  gland,  Sbeep.' 
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Spur,  of  which  in  aged  females  no  trace  remains.  In  the  male  Or- 
uithorhynchus  the  tarsal  spur  soon  begins  to  rise  above  the  socket, 
and  finally  attains  a length  of  ten  lines  with  a basal  breadth  of  five 
lines,  api>arently  everting  the  tegumentary  socket  in  the  progress 
of  its  growth.  The  spur,  fig.  500,  e,  consists  5o« 

of  a firm  semitransparent  horn-like  sul>- 
stance ; it  is  conical,  slightly  bent,  and  ter- 
minated by  a sharp  point ; its  base  is  ex- 
panded, and  notched  at  the  margin  for  the 
implantation  of  the  ligaments  which  connect 
the  spur  with  the  accessory  flat  tarsal  bone 
(vol.  ii.  fig.  199  k,  d.)  The  base  of  the 
spur  is  covered  by  a thin  vascular  integu- 
ment. The  spur  is  traversed  by  a canal 
which  commences  at  the  centre  of  the  base 
and  terminates  by  a fine  longitudinal  slit, 
about  one  line  distant  from  the  point,  closely 
resembling  in  this  respect  the,  canal  that  tra- 
verses the  jK)ison-fang  of  the  venomous  snake. 

I. ike  that  weajx>n  the  spur  of  the  male  Mo- 
notreme  is  subservient  to  the  transmission 
into  the  wound  it  may  inflict  of  the  secretion 
of  a peculiar  gland. 

This  gland,  fig.  500,  a,  is  situated  at  the 
back  part  of  the  thigh,  between  the  femur  and 
the  long  olecranoid  process  from  the  head  of 
the  fibula,  covered  by  the  integument  and 
the  cutaneous  muscle.  It  is  triangular,  con-  cmrai  ni»nci  uid  »par.  m»i<, 

. * I 111  Orniihorbj'ticba*.  Lxxxr. 

vex  above,  concave  below,  or  toward  the  le^, 
from  twelve  to  fourteen  lines  in  length,  seven  or  eight  lines  broad, 
and  three  or  four  lines  thick,  with  a smooth  exterior,  investe<l  by 
a thin  capsule,  on  the  removal  of  which  the  gland  may  l>e  divided 
into  a number  of  small  lobes.  Its  intimate  structure,  as  disj)layed 
by  a successful  injection  of  mercury,  is  minutely  cellular;  the 
excretorv  duct  is  continued  from  the  concave  side  of  the  gland, 
and  small  clusters  of  vesicles  are  developed  from  parts  of  its 
expanded  commencement.  The  duct,  which  is  about  a liue  in 
width  and  with  pretty  strong  tunics,  descends  straight  down  the 
back  of  the  leg,  covered  by  the  flexor  muscles,  to  the  posterior 
part  of  the  tarsus,  where  it  suddenly  ex[iands  into  a vesicle,  ib.  5, 
applied  to  the  base  of  the  spur,  and  a minute  duct,  ib.  c,  is  con- 
tinued from  it  into  the  canal  which  traverses  the  spur. 

The  tarsal  perforated  spur  and  its  glandular  apparatus  are  both 
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relatively  smaller  in  the  male  Echidna  than  in  the  Omithorhyn- 
chus.  The  gland  is  situated  lower  down,  in  the  popliteal  region, 
between  the  insertions  of  the  deep-seated  fasciculi  of  the  adductor 
femoris  and  the  origins  of  the  gastrocnemius  ; it  is  of  subspherical 
form,  about  the  size  of  a pea,  with  a smooth  exterior ; the  excre- 
tory duct,  wide  at  the  commencement,  soon  contracts  into  a fila- 
mentary canal,  which  again  enlarges  to  form  a small  reservoir  for 
the  secretion  just  above  the  base  of  the  spur.  The  duct  is 
accompanied  and  partly  covered  by  the  posterior  tibial  nerve. 

The  spur  is  a round,  curved,  sharp-pointed  cone,  traversed  by 
a canal,  continued  from  the  reservoir,  and  opening  on  the  convex 
side  of  the  spur  a little  way  below  the  pointed  extremity. 

The  true  nature  and  use  of  this  apparatus  has  not  yet  been 
determined.  Its  close  analogy  with  the  ]>oison-apparatus  in  other 
animals  suggests  a corresponding  function  ; but  no  well  authenti- 
cated case  of  symptoms  of  poisoning  consequent  upon  a wound 
inflicted  by  the  spur  has  been  recorded : it  seems  on  the  contrary 
that  the  Ornithorhynchus  possesses,  not  the  instinct  of  availing 
itself,  when  attacked  or  annoyed,  of  a weapon  so  formidable  as, 
upon  this  theory,  the  spur  must  be.' 

' ccxxxit".  p.  236. 
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CHAPTER  XXXVII. 

GENERATIVE  OKGAX3  OF  MAMMALIA. 

Ol'TWARD  characters  of  sex  are  least  marke<l  in  Littencfphala, 
To  (listinfruish  the  male  from  the  female  Mole,  Shrew,  Hedgehog, 
Sloth,  Rfxlent,  requires  close  scrutiny,  if  not  dissection.  The 
male  Monotreme  is  known  l>y  his  heel-spur;  the  female  Marsu- 
pial by  her  pouch  and  by  her  smaller  (in  Kangaroos  much  smaller) 
size.  Among  ('rtnrea  the  tusk  distinguishes  the  male  Xarwhal, 
and  the  larger  head  the  male  Cachalot:  in  .Seals  the  canines  arc 
usually  larger  in  the  male.  External  parts  of  generation  are 
cons|)icuous  in  other  Gyrencephaln.  Resides  these,  most  Rumi- 
nants have  sexual  ch.aracters  in  the  horns,  either  by  their  presence 
or  greater  size;  the  Stallion  and  Roar  have  the  tusks:  these  by 
their  greater  length  distinguish  the  male  Elephant,  csj»ecially  the 
Indian  kind.  In  the  Carnienra  the  male  is  the  strongest:  the 
Lion  is  dignified  by  his  grand  mane.  The  larger  canines,  with 
greater  general  size,  mark  the  male  sex  in  most  Quadrumnua  up 
to  and  including  the  Gorilla.  Resides  some  differences  in  size 
and  jtroj>f>rtions  of  laaly,  developments  of  hair  arc  the  outward 
marks  of  sex  in  liimana. 


A.  MALE  ORGANS. 

In  the  Mammali.an  chass  the  testes  attain  their  most  compact 
form,  with  most  definiteness  and  finish  of  parts,  in  unravelling 
which  anatomy  has  surpa.-is«l  itself,  chiefly  ujam  the  glands  as 
they  exist  in  Man,  from  which  type  of  testicular  structure  there 
is  no  essential  departure  in  the  lower  orders.  The  peritoneum 
adds  a serous  layer  to  the  pmper  sclerous  covering  of  the  gland : 
and  when  this  jtasscs,  as  in  the  majority  of  Mammals,  out  of  the 
alKlomen,  it  pushes  before  it  another  jxjrtion  of  j>eritoneum,  which 
becomes  reflected  after  the  manner  of  serous  membranes,  to  form 
the  ‘ tunica  v.aginalis  testis.’  Tliis,  however,  is  an  accidental 
adjunct,  dependent  ujion  the  ‘ descent  of  the  testis.’  The  con- 
stant and  proper  covering,  ‘ tunica  albuginea,’  consists  chiefly  of 
the  white  sclei'ous  tissue:  the  spennatic  vessels  ramify  therein, 
especially  the  veins,  so  locally  as  to  fiicilitate  the  sejiaration  of  the 
tunic  into  an  outer  dense  protective  l.ayer,  and  an  inner  laxcr 
layer,  the  scat  of  the  minuter  sulxlivisions  of  the  arteries  proceed- 
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ing  to,  and  of  the  venules  returning  from,  the  essential  parts  cif 
the  gland.  Processes  of  the  inner  layer,  resolving  into  areolar 
tissue,  convey  the  vessels  into  the  gland-substance,  and  partition 
that  substance  into  lobes : a denser  layer  is  continued  from  the 
line  of  the  albugincal  tunic  perforated  by  the  testicular  vessels, 
and  projects  some  way  into  the  gland : it  is  called  ‘ corpus  High- 
mori,’  or  ‘ mediastinum  testis,’  and  varies  in  longitudinal  extent, 
and  depth  of  {K>sition,  in  different  Mammals : in  Man  it  is  limite<l 

to  the  tract,  fig.  501,  b, 
along  which  the  reticu- 
late ducts  emerge  or  be- 
come ‘ efferent.’  The 
cavities  in  which  the 
sperm-cells  are  deve- 
lo])ed,  fig.  514,  have  the 
form  of  tubes,  of  a dia- 
meter of  from  to  . 
of  an  inch,  minutely  and 
e.xtcnsively  convoliiteil : 
from  two  to  five  of  such 
tubes,  averaging  two  feet 
in  length  in  the  human 
testis,  arc  ])acked  into  a 
long  pyramidal  lobule, 
invested  by  a proee.«s  of 
the  inner  albugincal  tu- 
nur : and  the  sum  of  these 
lobules  or  packets  of  .ie- 
miiiiferoiis  tubules  forms 
the  glandular  part  of  the 
testis,  fig.  501,  a,  a.  The  reticulate  intercommunication  mani- 
fested in  the  wider  spermogenous  tracts  of  the  milt  of  fish  (vol. 
i.  p.  569,  fig.  379),  prevails  in  the  more  finishctl  and  thiek- 
coated  seminal  tubules  of  Mammals : and,  where  such  become 
free,  they  have  blind  ends.  F rom  the  lobules  the  tubules  con- 
verge, anastomosing,  but  with  straighter  course,  to  the  media- 
stinum, and  there  fonn  the  plexus  called  ‘ rete  testis,’ ib.  b.  Fnnn 
this  the  ‘ vasa  efferentia,’  ib.  c,  c,  emerge,  and  enter  the  upper 
end  of  the  appended  body  called  ‘ epididymis,’  ib.  d,  (j.  Here  the 
convoluted  disposition  of  the  tubule  is  resumed,  and  from  ten  to 
twenty  groups,  called  ‘ coni  vasculosi,’  resembling,  save  in  the 
greater  width  and  less  length  of  the  tubuli,  the  lobes  of  the  testis, 
combine  to  form  the  head  or  ‘ globus  major,’  d,  of  the  c])ididymis. 
fly  repeated  anastomoses  there,  a single  tube  results,  the  tmns- 
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versely  disposed  convolutions  of  which,  X form  the  rest  of  the  epi- 
didymis: at  its  lower  part  the  tube  naturally  untwists,  and  increas- 
ing in  size,  ib.  g,  i,  becomes  the  spermduct  or  ‘ vas  deferens,’  k. 
In  Man  and  many  lower  Mammals  another  feature  of  the  spermo- 
genous  tract  is  commonly  shown  in  the  epididymis  by  the  offset 
and  blind  termination  of  one  or  more  tubules,  as  at  A,  fig.  501. 

The  epididymis  varies  in  relative  size  and  position  to  the  testis 
in  diffcrcut  Mammals.  In  all,  the  semen  is  conducted,  in  coitu, 
by  a single  intromittent  organ  traversed  by  a complete  canal, 
which  may  bifurcate  at  its  termination  in  the  lowest  members 
of  the  class.  Accessory  secretions  are  added  to  the  semen  at  the 
beginning  of  the  urethro-scminal  canal,  by  glands  called  ‘ vesi- 
cular,’ ‘ prostatic,’  and  ‘ Cowperian.’  But  these  do  not  coexist  in 
every  species,  and  the  varieties  in  regard  to  their  presence  and 
development,  as  well  as  in  the 
structure  and  muscles  of  the 
intromittent  organ,  arc  the  chief 
elements  in  the  comparative  an- 
atomy of  the  Mammalian  male 
generative  organs. 

§ 369.  In  Monotremata. — 

Tliese  are  true  ‘ testiconda:’  each 
testicle,  fig.  502,  e,  e,  is  situated 
immediately  below,  or  sacrad  of, 
the  kidney,  ib.  a,  and  is  bus- 
j)ended  to  that  gland  by  a fold 
of  peritoneum ; the  same  fold  is 
continued  to  the  neck  of  the 
bladder,  inclosing  the  vas  de- 
ferens, fig.  308,  a,  which  appears 
to  be  thick  and  simple,  but 
when  injected  and  dissected, as  at 
f,  fig.  502,  is  seen  to  be  slender 
and  disposed  in  a scries  of  close 
transverse  folds.  In  neither 
OrnithorhynchuK  nor  Echidna 
is  there  any  disparity  of  size  between  the  right  and  left  testicle. 
The  vas  deferens  emerges  from  the  upper  and  inner  part  of 
the  testis  c;  and,  from  the  peculiar  extent  of  its  transversely 
folded  disposition,  seems  to  prolong  the  epididymis  nearly  to  the 
neck  of  the  bladder;  the  folds  gradually  diminish,  and  the  duct 
itself  enlarges,  as  it  approaches  its  papillary  termination,  which  is  in 
the  beginning  of  the  urogenital  canal,  (/.  This  canal  is  continued 
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tliroiifih  tlie  [K’lvis  and  tenninatcs  in  the  vestibular  passage,  anterior 
to  the  orifice  of  tlie  rectum,  q.  Tlie  vascular  tissue  of  the  i>cnis 
commenees  at  the  termination  of  the  urogenital  canal ; it  is  sepa- 
rated by  a median  septum  into  two  lateral  moieties,  and  both  are 
inclosed  by  a common  dense  fibrous  sheath.  The  whole  j>enis  in 
its  collapsed  and  retracted  state  is  about  fifteen  lines  in  length  in 
J’^chidna,  and  is  concealed  in  a large  preputial  sheath.  The  ter- 
minal half  of  the  penis  is  forme<l  by  the  glans,  which,  in  Orui- 
tliorlnjucliHX,  presents  a quadrilateral  fonn,  I,  and  is  traversed  by  a 
median  longitudinal  iurrow  iii>on  both  the  up])er  and  the  under 
surface.  Its  exterior  is  beset  with  numerous  short  and  hard 
epidermal  sjiines : its  extremity  is  bifurcate,  and  each  lobe  is 
directed  outward,  and  terminates  in  three  or  four  spines,  ib.  k,  k, 
much  larger,  l)ut  softer,  than  the  rest,  and  which  arc  usually  re- 
tracted in  a depression.  A longitudinal  azygos  ‘ levator  ’ muscle 
runs  along  the  upper  surface  of  the  penis;  it  arises  by  two  lateral 
sli])s  from  the  internal  stratum,  ib.  n,  of  the  [)rotrusive  sphincter,  o. 
Another  longitudinal,  but  longer  and  more  slender  muscle,  the 
‘ retnactor  penis,’  ib.  />,  arises  from  the  base  of  the  coccyx,  and  is 
inserted  into  the  origin  of  the  j)enis  near  the  termination  of  the 
urogenital  canal.  The  urethral  canal  of  the  penis  begins  by  a 
small  orifice  at  its  root,  communicating  with  the  termination  of 
the  urogenital  passage,  and  by  the  combined  action  of  the  last  de- 
scribed muscle  with  the  ‘ sphincter  cloaca:’  it  can  be  brought  into 
contact  with  the  terminal  jiapilhe  of  the  sjiermducts.  Such  tempo- 
rary continuation  of  the  urethral  and  seminal  jiassages  takes  jdace 
during  the  vigorous  nui.scular  and  vascular  actions  of  the  parts  in 
cidtii,  the  semen  being  then  propelled  from  the  one  along  the  other 
without  escaping  into  the  cloaca.  Under  ordinary  circumstance.s, 
as  when  the  urine  is  transmitted  along  the  urogenital  passage,  that 
Iluid  escapes  into  the  vestibule,  and  may  there  be  blended,  as  in  the 
bird,  with  the  rectal  excrement.  The  seminal  urethra,  conmieiic- 
ing  by  the  distinct  aperture  above  described,  is  about  a line  in 
diameter,  and  continues  single  to  the  middle  of  the  glans,  where  it 
divides  into  two  canals;  each  branch  runs  along  the  middle  of  the 
bifurcation  of  the  glans,  and,  when  arrived  at  the  base  of  the  hu-ge 
])a])illa;,  subdivides  into  smaller  channels  corrcsjionding  with  the 
number  of  the  smaller  ones,  and  opening  ujsui  their  apices.  If  the 
canal  of  the  penis  were  slit  open  along  its  under  part,  and  thus 
converted  into  a groove,  the  male  organs  of  the  Ornithorhynchus 
would  be  like  those  of  a Tortoise ; and  although  the  Jlamma- 
lian  type  of  intromittent  organ  is  manifested  by  the  complete- 
ness of  the  urethral  canal,  a resemblance  to  that  of  Lizards  is 
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evmcctl  in  its  bifurcation,  corrc-sponding  with  that  of  the  glans 
itself.  That  the  e.xistence  of  a penis  is  essentially  related  to  the 
sexual  organs  and  not  to  the  renal,  is  singularly  illustrated  by 
the  complete  separation  of  the  uro-urethral  from  the  semino- 
urethral  pass.age.s  in  MonotrevKiln.  The  modifications  by  which 
the  male  orejans  in  the  Echidna  differ  from  those  of  the  Orni- 
thorhynchus,  are  confined  to  the  glans  ]>cnis,  which  divides  into 
four  mammilloid  processes,  roughened  by  minute  papilhc,  and 
tcniiinated  by  a depression  in  which  is  the  branch  of  the  seminal 
canal  that  traverses  each  pnwess.  Cowper’.s  glands,  fig.  3,  k,  k, 
and  fig.  502,  /i,  are  of  large  relative  size;  they  arc  situated  between 
the  ha.se  of  the  penis,  the  arch  of  the  i.«chiuni,  and  internal  jmrt 
of  the  thigh  : their  secretion  is  carried  by  a long  and  slender 
duct,  ih.  «/,  into  the  seminal  urethra.  The  physiological  relation 
of  these  glands  to  such  a canal  i.s  clearly  illustrated  by  their 
presence  in  the  Monotremes,  and  by  their  absence  in  the  oviparous 
animals  which  have  merely  a seminal  gnxive.  There  are  neither 
prostatic  nor  vesicular  glands.  It  is  i>rohahle  that  the  spurs,  in 
the  male  Monotremc,  fig.  500,  e,  may  relate  to  the  sexual  act,  as 
holders  or  stimulators. 

§ .370.  In  M<irsuj)ialia. — In  T.yenrephitla  the  testes,  which 

are  still  abdominal  at  the  time  of  birth,  dc.scend,  soon  after  the  fetus 
i.s  transferred  to  the  pouch,  into  the  external  jiedunculate  ]>re- 
penial  scrotum  ; the  canal  of  communication  between  the  abdo- 
minal cavity  and  the  tunica  vaginalis  is  long  and  narrow,  l)Ut 
always  remains  pervious.  The  tubuli  testis  are  relatively 
smaller  than  in  Monotreine.s,  but  the  corpus  Ilighmori  is  near  the 
surface  and  up|)er  part,  not  at  the  centre,  of  the  gland.  The 
epididymis  is  large,  and  generally  l(H>.scly  att.ached  to  the  testw. 
The  spermatozoa  of  the  I’erameles  have  a single  barb  at  the  base 
of  the  hcjid,  which  is  sub-elongate  and  comprcs.^ed  ; in  other 
respects,  as  in  size  and  ])roportion  of  the  filamentary  tail,  they 
resemble  those  of  the  Kabbit.  Neither  in  the  Kangaroo,  l*ba- 
langer,  nor  I)a.«yure  do  the  s|)crniatozoa  ]>resent  a spiral  head  or 
any  noti(reable  deviation  from  the  characters  of  the  spennatozoa 
in  the  smaller  placental  (piadru|>eds : those  of  the  Dasyure  have 
a n<Kle  at  the  base  of  the  head.  The  sirennduct  pa.sses  along  the 
infundibular  muscular  sheath  formed  by  the  cremaster  a.s  far  as 
the  abdominal  ring,  then  bends  downward  and  backwanl,  external 
to  the  ureter,  and  terminates,  fig.  50.3,  a,  at  the  commencement 
of  the  urethra,  at  the  side  of  a longitudinal  verumontanal  ridge. 
There  are  no  vesicular  glands. 

As  the  part  of  the  urethral  canal  immediately  succeeding  the 
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termination  of  tl»e  spermducts  ie  the  homotype  of  the  vagina 
some  modification  of  this  part  might  be  anticipated  in  the  male 
503  corresponding  with  the  ex- 

traordinary form  and  deve- 
lopment which  characterise 
the  vagina  in  the  female  : 
accordingly  we  find  that  the 
prostatic  tract  of  the  ure- 
thra, ib.  h,  is  projHtrl  ion  ally 
longer  and  wider  in  the  Mar- 
supial than  in  any  other 
Mammal.  It  swells  out  im- 
mediately beyond  tlie  neck 
of  the  bladder,  and  then 
gradually  tapers  to  its  junc- 
tion with  the  spongy  jtart 
of  the  urethra.  Its  walls 
are  thick,  formed  by  an  ex- 
ternal thin  stratum  of  nearly 
transverse  muscular  fibres, 
and  by  a thick  glandular 
layer,  the  secretion  of  which 
exudeshy  innumerable  j)ores 
upon  the  lining  membrane 
of  this  part  of  the  urethra. 
In  a male  Kangaroo  I found 
that  a glairy  mucus  followe<l 
compression  of  this  musculo- 
prostatic  tract  of  the  ure- 
thra: the  canal  itself  is  but 
slightly  dilated.  Three  jmirs 
of  Cowperian  glands,  ib.  r, 
c,  c,  jx)ur  their  secretion 
info  the  bulbous  part,  of  the 
urethra:  the  U]ij)cr  or  proxi- 
mal pair  are  not  half  the 
size  of  the  two  other  pairs 
in  the  Kangaroo,  hut  arc 
relatively  larger  in  the 
Koala  and  other  Marsu- 
pials: the  two  lower  jiairs  are  situated,  one  on  each  side  the 
lateral  division,  c,  e,  of  the  bulb  of  the  urethra  ; their  duets  meet 
and  join,  above  this  ]>art,  with  the  duct  of  the  smaller  gland  : each 
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gland  is  enclosed  by  a muscular  caj>sule.  The  penis  consists  of 
a cavernous  and  a spongy  portion,  each  of  which  commences  by 
two  distinct  bodies.  The  separate  origin  of  each  lateral  half  of 
the  spongy  body  constitutes  a double  bulb  of  the  urethra,  ib.  e,  e, 
and  the  ‘ accelerator  urinaj,’  as  it  is  termed,  undergoes  a similar 
division  into  two  sej)arate  muscles,  each  of  which  is  aj)propriated 
to  compress  its  particular  bulb.  The  two  bulbous  processes  of 
the  corjtus  sj)ongiosum  soon  unite  to  surround  the  urethra,  but 
again  bifurcate  to  form  a double  glans  penis  in  the  multiparous 
Marsupials,  in  which  most  of  the  ova  are  impregnated  in  both 
ovaria,  as  e.g.  in  the  Phalangers,  Perameles,  Opossums,  &c.,  b,  h, 
tig.  504.  In  the  uniparous  Marsupials,  as  the  Kangaroo,  the 
glans  penis,  fig.  .50.3,/,  is  single. 

The  intermediate  structures  of  the  glans  between  the  two  ex- 
tremes above  instanced  are  j)rescnted  by  the  Ursine  Dasyure, 
Koala,  and  Wombat.  In  the  Koala,  fig.  503,  n,  the  glans  penis 
terminates  in  two  semicircular  lobes,  and  tbe  urethra  is  continued 
by  a bifurcated  groove  along  the  mesial  surface  of  each  lobe.  In 
the  Wombat,  ib.  c,  there  is  a similar  expansion  of  the  urethra 
into  two  divergent  terminal  grooves,  but  the  glans  is  larger, 
cylindrical,  and  partially  divided  into  four  lobes  : the  chief  pecu- 
liarity in  this  part  of  the  Wombat  is  the  callous  external  membrane 
of  the  glans,  and  its  armature  of  small  recurved,  scattered  horny 
spines.  The  small  retroverted  papilla;  on  the  infundibuliform 
glans  of  tbe  Koala  and  on  the  bifurcate  glans  of  the  Phalangers  and 
Petaurists  are  not  horny.  In  the  Perameles  layntis  not  only  is  the 
glans  bifurcate,  but  each  division  is  perforated,  and  the  urethral 
canal  is  divided  by  a vertical  septum  for  about  half  an  inch  before 
it  reaches  the  forked  glans  : from  the  septum  to  the  bladder  tbe 
canal  is  simple,  as  in  other  Marsupials.  The  divisions  of  the  glans 
in  the  Opossums,  fig.  504,  h,  and  Phalangers  arc  simjdy  grooved. 

The  corpus  cavernosum  penis  coiiunences  by  two  crura,  figs, 
503,  504,  d,  d,  neither  of  which  have  any  immediate  attachment 
to  the  pelvi.s.  In  the  Kangaroo  these  cruni,  and  the  two  bulbs  of 
the  corpus  spongiosum,  soon  unite  to  form  a single  cylindrical 
body,  the  blended  cavernous  and  spongy  structures  forming  the 
parietes  of  a canal  which  nearly  follows  the  direction  of  the  axis 
of  the  penis,  and  contains  or  constitutes  the  urethra ; a transverse 
section  of  the  corpus  cavernoso-spongiosum  thus  resembles  a ring; 
but  the  lateral  erectile  tracts  are  sc])arated  by  two  vertical  septa 
which  extend  from  the  central  canal,  the  one  to  the  dorsum  penis, 
the  other  to  the  inferior  wall:  in  this  ciise  there  is  no  definite 
commencement  of  the  glans  penis  ; its  t.ermiiialion  is  that  of  the 
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corpus  cavernosum,  tlie  urethra,  with  a coq)us  spongiosum,  pro- 
jecting and  opening  beneath  tlie  apex.  In  Perameles,  Didelphifs, 
Pliascularctus,  and  Phascohmys,  the  corpus  s])ongioBUin  maintains 
its  character  for  a greater  extent,  and  may  be  more  distinctly 
recognised  as  fanning  the  proper  wall  of  the  urethral  canal,  which 
sooner  becomes  superficial,  and  the  glans  penis  is  better  defined. 
In  the  Kangaroo  and  Potoroo,  the  ‘ erectorcs  penis,’  fig.  503,  d,  d, 
arise  by  a thin  fascia  from  near  the  lower  part  of  the  symphysis 
])ubis,  soon  become  fleshy,  and  increase  in  thickness  as  they  pass 
outward:  each  muscle  then  returns  iij>on  itself,  at  an  acute  bend, 
to  grasp  the  crus  penis,  and  terminates  in  a strong  tendinous  ex- 
pansion at  the  junction  of  the  cavernous  with  the  bulbous  structures. 
The  ‘ retractor  penis,’  figs.  503,  504,  y,  y,  arises  in  the  Kangan*o 
from  the  middle  of  the  sacrum,  and  divides  into  two  muscles, 
504  behind  the  rectum,  ojrposite 


I A the  dilated  commencement 

1 * M of  the  inusculo-])rostatic 

\m  part  of  the  urethra;  each 

if  division  diverges  to  the  side 

j-f  J \ of  the  rectum,  then  jtasses 

t interspace  between 

lt|^  ^ the  rectum  and  roots  of  the 

, •'  ]>enis,  converging  along  the 

lateral  and  jKisterior  jiart  of 
^ ]>enis,  to  be  inserted 

f with  the  oi)pt>sitc  muscle  at 

r.*  the  base  of  the  glans.  In 

I'’'  ~M  the  ()|M>ssnm  and  those  Mar- 

I 1 I snjiials  which,  having  a bi- 

\l\l  fid  glans,  enjoy,  as  it  were, 

“ double  coitvs,  there  is  a 
‘ levator  penis,’ fig.  CM\,f,  f, 

Mn!r  organ*.  0|H>*auui.  ccxxxT**.  i • t • . . • 

which  IS  not  present  in  tlie 
KangarcMi.  Each  portion  of  this  muscle  takes  its  origin  from 
the  fiuscia  covering  the  crus  penis,  converges  towards  its  fellow 
above  the  dorsum  penis,  diminishing  as  it  converges,  and  termi- 
nates in  a common  tendon  inserted  into  the  upper  part  of  the  base 
of  the  glans.  There  is  another  jiowerful  muscle  which,  though 
not  immediately  att.ached  to  the  penis,  must  exert  in  all  Marsu- 
pials an  important  influence  upon  its  erection.  'I'his  is  the  external 
‘ sjihincter  cloacie : ' it  is  an  inch  and  a half  in  breadth  in  the 
Kangaroo,  and  half  an  inch  in  thickness  ; from  the  back  of  .the 
termination  of  the  rectum  it  jtasses  over  the  anal  glands  and  sides 
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of  the  base  of  the  penis,  inclosing  the  two  bulbs  with  Cowper’s 
glands  and  their  muscles,  and  terminates  anteriorly  in  a strong 
fascia  above  the  dorsum  penis,  so  as  to  compress  against  that  part 
the  venas  dorsalcs.  In  ail  Marsupials  the  ]>enis  is  bent  upon  itself 
when  passive  and  retracted ; wdth  the  glans  concealed  just  within 
the  cloacal  a|)crture,  from  which  it  emerges,  as  in  oviparous  Ver- 
tebrates, when  the  penis  is  turgid  and  erect. 

§ 371.  In  Rodentia. — Here,  likewise,  the  penis  is  habitually 
retracted  out  of  view,  being  strongly  bent,  in  many  (e.  g.  Scinrus, 
Castor)  in  a sigmoid  curve,  with  the  glans  directctl  backward, 
fig.  497,  within  a prepuce,  which  opens  into,  or  forms  part 
of,  the  common  ]>assagc,  ib.  g,  e,  a,  in  which  the  rectum,  ib.  b, 
tenninates.  The  testes  undergo  a pcrhxlical  increase  of  size 
and  change  of  position,  passing  from  the  abdomen  into  a ses- 
sile scrotum,  and  being  again  retracted,  after  the  rut  (except, 
perhaps,  in  Lepuridee)  within  the  abdomen.  Besides  Cowperian 
there  arc  prostatic  and  vesi- 
cular glands,  usually  large : 
but,  again,  the  Leporida 
show  their  exceptional  cha- 
racter in  the  Order  by  the 
absence  of  the  latter.  In 
the  Hare  {Lipiis  timidus) 
the  testes  make  a more  con- 
spiciuuis  jirominence  than 
in  other  Kixlcnts,  in  their 
scrotal  hags, one  on  each  side 
the  cloacal  vent,  tig.  50.5,  «. 

The  tunica  vaginalis  retains 
an  ojjening  wide  enough  for 
the  repassage  of  the  testis 
into  the  abdomen,  hut  it 
adheres  to  the  bottom  of  the 
sac,  the  serous  inemlirane 
of  which  is  there  retleeted 
by  a fold  upon  the  ei)ididy- 
inis,  fig.  50.5,  h,  i,  and  be- 
ginning of  the  vas  deferens,  ib.  p,  q.  The  testes,  f,  g,  in  this 
figure,  have  been  dis.sectcd  from  the  scrotum  and  tunica  vaginalis. 
The  ejadidymis  is  extended  beyond  the  testis,  as  at  h,  i,  before 
being  reduced  and  reflected  as  ‘ vas  deferens : ’ the  s|>erm-duct8 
enlarge  at  their  termination  between  the  urinary,  c,  and  pn  toine- 
tral,  d,  bladders,  into  the  latter  of  which  they  open,  very  near 


505 


MaU' nrirant.  Hare,  exxit’. 


Digitized  by  Google 


050 


ANATOMY  OF  VERTEBRATES. 


its  communication  with  the  urethra.  The  protometra,'  d,  has  tli’m 
walls,  excc|»t  at  its  terminal  neck,  where  it  seems  thickene<l  by  the 
adhesion  of  prostatic  follicles,  opening  by  distinct  ducts  into  the 
urethra.  The  ('owperian  glands  lie  at  the  sides  of  the  muscular 
tract  of  the  urethra,  and  open  into  it.  The  penis  is  short,  consisting 
chiefly  of  a j)yramidal  |»ointed  glans ; it  is  exposed  at  b,  in  its 
prepuce,  which  opens  into  the  subanal  fossa,  a,  into  which  the 
preputial  or  ano-j)reputial  glands,  k,  I,  exude  their  firm  sebacctius 
secretion.  The  ‘ erectores  jienis  ’ arise  from  both  pubis  and 
ischium,  and  are  inserted  chiefly  into  the  outer  side  of  the  ‘ crura 
corporis  cavernosi : ’ the  ‘ levator  penis  ’ arises  from  the  symphysis 
pubis,  and  is  inserted  into  the  glans  by  a small  tendon,  passing 
along  the  dorsum  penis,  over  the  convex  bend,  which  it  straightens 
when  the  penis  is  extended  in  erection.  The  Kabbit  differs  fir»m 
the  Hare  chiefly  in  the  larger  relative  size  of  the  protometral 
vesicle,  which  also  more  commonly  shows  a bilobation  of  the 
base : its  terminal  orifice,  in  the  urethra,  is  transverse  and  cre- 
scentic ‘as  if  bent  round  the  swellings  of  the  vcrumontanuin.’’ 
I.a^omys  resembles  Lepus  in  its  male  generative  organs. 

The  vesicular  glands  are  j)rcsent,  but  small,  in  the  Sciurine 
family.  In  the  grey  Squirrel  they  are  slender,  somewhat  elon- 
gated bodies,  bent  upon  the  base  of  the  j)rostate,  through  the 
substance  of  whicb  their  conqiaratively  long  ducts  pass,  together 
with  the  vasa  deferentia.  The  prostate  is  a relatively  large 
elongated  compact  body,  loosely  attached  to  the  posterior  part 
of  the  neck  of  the  bladder  and  muscular  part  of  the  urethra. 
Cowper’s  glands  are  also  relatively  of  large  size  ; they  are  situated 
at  the  sides  of  the  rectum,  of  a rounded  conical  form  with  the 
base  bent  forward  upon  the  aj>ex,  from  which  a long,  thick  duct, 
with  glandular  parietes,  is  continued  into  the  bulb  of  the  urethra. 
The  diminutive  size  of  the  so-called  ‘ vesieulse  seminales  ’ is  not 
comjycnsated  by  a dilatatioii  of  the  vasa  deferentia,  as  might  have 
been  expected  hail  their  office  been  to  serve  as  a reservoir  for  the 
secretion  of  the  testes,  but  by  the  magnitude  of  the  other  glands, 
viz.  the  prostate  and  Cowper's,  the  admitted  function  of  which  is 
to  add  some  accessory  fluids  to  the  semen ; and  the  Squirrels  do 
not  differ  in  the  mode  or  duration  of  the  act  of  copulation  from 
other  Kodents  in  which  the  vesicular  glands  are  largely  developed. 

In  the  Porcupine  (//y.v/rix  the  ‘ tunica  vaginalis  testis’ 

adheres  to  the  scrotum  and  abdominal  ring  by  so  much  and  so 
lax  areolar  tissue  that  its  inversion  with  return  of  the  testis  to 

’ ccxxxvi,  vol.  ii.  p.  167  (noto).  * Utmw  maspulinus,’  ccxxxviii".  j>asAim.  ‘Cor- 
puM’uUim  WplMTinnum/  ' V’eRicula  prostatica/  ‘Sinus  proslaticiis,’  ccxxxix".  p.  Hla. 

* cvxxxix".  p.  HI 9. 
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the  abdomen  is  easy.  The  epididymis,  after  quitting  the  testis, 
recedes,  and  is  connected  therewith  for  the  rest  of  its  extent  by  a 
fold  of  serous  membrane.  The  prostatic  glands  are  large  and 
ramified,  one  on  each  side  the  muscular  part  of  the  urethra,  with 
■which  they  communicate  close  to  the  verumontanum:  the  terminal 
orifices  of  the  vesicular  glands  are  wider.  The  levator  penis  is 
inserted  into  an  ossicle  in  the  glans.  The  penial  bone  is  strong  in 
the  Capybara : the  vesicular  glands  in  that  Rodent  are  long  and 
large,  slightly  branched : the  jirostatic  glands  are  short,  broad, 
and  thick,  consisting  of  numerous  slender  ramified  ca;ca. 

In  the  Agouti  and  Acuchi  (Daii/procta)  the  testes,  during  the 
rut,  lie  in  the  perinaeum,  (tne  on  each  side  the  retrovertc*!  ben<l  of 
the  jM?nis;  the  cremaster  is  a saccifonn  develoj)ment  of  the  inferior 
fibres  of  the  obliquus  in- 
ternus  abdominis,  which  is 
inverte<l  when  the  testes  re- 
turn to  the  alj<lomen.  Adi- 
jKise  appendages  extend 
from  the  spermatic  conls. 

The  vasa  deferentia,  fig.  .>06, 
c,  r,  have  usually  a tortuous 
course  behind  the  bladder: 
they  tenninate  in  the  ure- 
thra distinct  from  the  ducts 
of  the  vesicular  olands,  ib. 
k,  h : these  bcslies,  i,  i,  are 
long  and  ramified  ; the  style, 

/,  indicates  the  urethral 
end  of  the  duct.  The  pro- 
static glands,  e,  e,  arc  shorter, 
and  consist  of  a fascicule 
of  slender  c:cca,  which  unite 
and  form  the  short  duct 
through  which  the  style, 
h,  p.isses.  The  Cow[ierian 
glands,  ib.  o,  o,  are  of  a 
comp.act  oval  form,  and  send  their  secretion  by  a short  duct, 
traversed  by  p,  q,  into  the  bullwiis  part  of  the  urethra.  The  bulb 
is  comjircssed  by  its  ‘ accclcra tores  the  cavernous  crura  of  the 
j)enis  by  the  ‘ erectoros the  ‘ levatorcs  penis,’  which  unbend  the 
organ  during  erection  and  comj)ress  the  ‘ vena:  dorsales  penis,’ 
rise  from  the  synqihysis  pubis,  and  send  their  tendon  along  the 
dorsum  to  be  inserted  into  the  ossicle  of  the  glans.  This  part 
is  jirovidcd  with  a pair  of  latcr.al  dentate  horny  plates,  ib.  h,  b. 
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In  the  Guinca-pi;i  (Cuvia  cohat/a),  the  ‘os  penis'  is  a fl;it 
and  slightly  curved  bone  iinheddtHl  in  the  upper  part,  and 
reacliiii}'  as  far  as  the  extremity  of  the  glans  above  the  canal  <£ 
the  urethra.  Beliind  and  below  the  termination  of  the  urethral 
canal  is  a wide  |>ouch,  in  the  Iwttoni  of  which  are  lodged  twn 
homy  styles.  This  [K)uch,  during  erection,  is  everted,  so  that 
the  horns  protrude  externally.  Two  tendons  are  connected  with 
the  bottom  of  this  pouch,  which  run  along  the  penis  inferiorly, 
and  come  from  a thin  layer  of  muscular  fibres,  derived  from  the 
ercctores : they  invert  the  pouch  and  draw  it  back  again  within 
the  glans.  The  surface  of  the  glans  is  beset  with  corneous  scales 
This  singular  armature  of  the  introniittent  organ 
is  maximised  in  the  spotted  Cavy  ( Calcgrnp 
suhf uscuk),  of  which,  fig.  507  shows  the  glans 
beset  with  short  spines,  the  long  terminal  homy 
sjtikes,  and  the  lateral  horny  plates,  with  marginal 
retroverted  serrations. 

In  Capromi/s  I found  a large  adi|Kise  a|>pend- 
age  attached  to  the  epididymis.  The  ducts  of 
the  seminal,  vesicular  and  prostatic  glands  tenui- 
nate  by  distinct  orifices ; the  fossa  receiving  thest' 
of  the  right  side  being  divided  by  the  veriinion- 
tanum  from  the  left  one.  The  protometra  is 
reduced  to  a small  cul-de-sac  behind  the  neck  oi 
the  bladder  ; it  seems  like  a blind  backward  con- 
tinuation of  the  urethra  separated  hy  a transver>e 
ridge  from  the  orifice  of  the  bladder.  The  vesi- 
cular glands  ])resent  a white  and  glistening  ex- 
terior ; they  are  of  an  elongated  form,  with  thin  ^ 
parietes,  and  send  off,  on  one  side  principally,  from  fificen  t" 
twenty  obtuse  csecal  processes.  The  jwostate  gland  consists  of 
four  principal  masses  or  lobes,  each  comj>osed  of  a number  of 
flattened  tubular  cicea,  with  thin  and  easily  lacerable  parietc-. 
compacted  together  by  cellular  tissue.  The  muscular  part  of  the 
urethra  is  closely  embraced  by  a thick  stratum  of  muscular  fibre.-, 
diverging  in  a double  oblifiue  or  penniform  manner  from  a midiHe 
longitudinal  inferior  raphe:  the  ‘ acceleratores  urinaj  ’ have  the 
usual  relations  to  a large  bulb  of  the  urethra:  the  crura  pcm> 
arc  embraced  by  short  but  strong  ‘erectores;’  the  ‘ levatorcs’ 
muscles,  or  ‘ compressores  vena;  dorsalis,’  terminate  in  a single 
tendon,  p:issing  along  the  dorsum  penis,  to  be  inserted  into  an 
elongated  flattened  ossicle  in  the  glans,  which,  in  this  genus,  is 

XX.  vol.  iv.  p,  Niw.  24'J.),  2196.  ( 
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unprovided  with  the  homy  armature  which  gives  it  so  remarkable 
a character  in  the  Cavies. 

In  the  Beaver  {Castor  canadensis)  I have  usually  found  the 
testes,  fig,  508,  r,  s,  though  small  in  ])roportion  to  the  bulk  of 
the  animal,  hxlgcd  in  subcutaneous  depressions  between  the 
castor-bags ; but  with  the  usual  wide  opening  of  the  ‘ tunica 
vaginalis,’  permitting  easy  re- 
turn of  the  gland  into  the 
abdomen.  The  tortuous  dis- 
jK)sition  of  the  vasa  deferentia 
would  favour  such  periodical 
movements  of  the  testes:  the 
terminal  portion  of  the  ducts, 
fig.  508,  a,  is  dilated,  or  en- 
larged by  glandular  thickening 
of  the  walls,  the  inner  surface 
of  which  is  miiltiplicatc.  The 
vesicular  glands  are  (for  Ko- 
dents)  moderate  sized  convo- 
luted bags,  fig.  508,  o,  p:  the 
duct,  fig.  509,  d,  sometimes 
communicates  with,  sometimes 
terminates  distinctly  from,  the 
contiguous  vas  deferens,  ib.  a. 

The  prostatic  glands,  ib.  c,  r, 
are  a cluster  of  shorter  pyri- 
form sacs,  the  long  slender 
ducts  of  which  iutcrcommnni- 
eate  before  terminating  in  the  urethra.  The  pnjtometra,  ib.  i,  f>, 
soon  divides,  after  its  communication  with  the  urethra,  into  two 
long  ‘ cornua,  which  lie  on  the  j>eritoncal  fold  behind  the  neck  of 
the  bladder,  mesiad  of  the  vasa  deferentia,  the  course  of  which 
they  follow  till  they  become  too  attenuated  for  distinction.  The 
Cowperian  glands,  fig.  508,  /«,  n,  are  of  a compact  oval  form, 
situated  between  the  ‘ erectorcs’  and  ‘ acceleratores  ’ muscles;  and 
opening  into  the  bulb  of  the  urethra.  The  ma.ximised  preputial 
glands,  ib.  e,  /,  and  ano-preputial  glands,  y.  A,  A,  i,  have  already 
been  described. 

In  the  Water-vole  (Arvicola  amph{bia)xhe  epididymis,  fig.  510, 
/,  ff.  is  connected  by  longer  ‘ vasa  eflerentia’  than  usual  with  the 
testes,  ib.  c,  d.  The  vesicular  glands,  ib.  A,  /,  relatively  larger 
than  in  Castor,  are  bent  upon  tliemselves,  and  subdivided  along 
one  border:  each  prostate  consists  of  three  lobes,  ib.  m—r,  or 
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aggregate  groups  of  ca;ca.  The  Cowperian  glands  resemble 
those  of  Castor.  A pair  of  long  thin  glandular  bodies  opening 
into  the  prepuce,  on  eacli  side  the  glans,  ib.  a,  answer  to  the  chief 
castor-bags,  c,f,  fig.  607,  in  tlie  Beaver:  the  homologues  of  9 — k, 
fig.  508,  are  confluent  and  surround  the  termination,  fig.  510,  r. 
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of  the  rectum  «,  and  exude  their  opaque  whitish  secretion  near 
the  anus. 

In  the  Marmots  {Arctomys')  the  preputial  orifice  is  more  dis- 
tinct than  in  most  Rodents  from  that  of  the  rectum : in  the  Alpine 
marmot  the  space  of  an  inch  intervenes.  The  prostates  form  a 
considerable  mass,  aggregated  into  two  roundish  lobes.  The 
mesorchial  accumulation  of  fat  is  considerable  at  the  commence- 
ment of  hibernation.  The  vesicular  glands  of  the  J erboa  ( Dipus 
sai/itta)  resemble  those  of  the  Vole,  but  are  less  notched.  In 
Hehimys  capensis,  they  consist  of  slightly  sacculate  pendulous 
bags,  with  thin  walls  : the  prostatic  follicles  are  numen>us,  short, 
and  thick : the  glans  penis  becomes  singularly  expanded,  and 
forms  a hollow  disc  in  the  centre  of  which  oi)ens  the  urethra. 

In  the  Rat  and  Mouse  the  jieriodical  enlargement  of  the  testes. 
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fig.  511,  C,  is  considerable':  the  globus  major  of  the  epididymis 
lies  in  the  cremasteric  |)ouch,  which  is  inverted  when  the  reduced 
testis  returns  into  the  abdomen.  The  vasa  deferentia,  ib.  f,  receive 
at  their  termination  the  secre- 
tion of  the  small  glands  with 
a granulated  exterior,  e : the 
‘ vesicular  glands,’  ib.  a,  a,  arc 
large,  lobulatc,  and  exude  a 
hardish  cheese-like  secretion. 

The  prostatic  glands,  h,  c,  are 
masses  of  slender  subconvolute 
tubes.  The  Cowperian  glands, 
of  the  usual  compact  fomi,  lie 
one  on  each  side  of  the  rectum 
and  send  their  long  ducts  to  the 
large  ‘ foramen  ca?cum  ’ at  the 
urethral  bulb.  Tlie  penis  has 
its  ‘levator’  muscle  and  ossi- 
cle : the  prepuce  Ls  served  by  a 
pairof  glands  secreting  a whitish 
mucus. 

The  spermatozoa  of  the  Mu- 
rid(E  have  the  ‘ lx>dy  ’ shaped 
like  the  bent  blade  of  a knife, 
when  viewed  in  jtrofile,  fig. 

512,  A,  B ; the  vibratile  ‘tail’  is  very  long:  in  the  Squirrel  (fig. 
513)  the  bo<ly  is  lamclliform,  with  tlie  surfaces  sul)biconcave,  and 
the  margin  thickened  an- 
teriorly : the  ‘ tail  ’ is  of 
moderate  length.  It  is  rela- 
tively shorter  to  the  body  in 
the  Guinea-pig,  fig.  514, r/: 
in  this  figure  a portion  of  a 
tubule  of  the  testis  is  maji- 
iiified  300  diameters,  show- 
ing the  basilemma  a,  a,  its 
lining(precij)itate)ofnucle- 
ate  corpuscles andgranules, 
b ; with  the  developed  nu- 
clei of  detached  cells,  form- 
ing the  sj)ermatozoa,  a. 

§ 372.  /«  Insecticora.  — The  periodical  enlargement  and 

* As  ia  birds ; see  toI.  ii.  p.  243,  and  xx.  vol.  ir  p 79. 
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‘ descent  ’ of  the  testes  are  better  marked,  perhaps,  in  some  Ihsut- 
■512  ticora  than  in  Rodentia.  In  Decemlier  tlie 

testes  of  the  Mole  lie  on  each  sidi  of  the  uri- 
nary bladder,  with  the  inverte*!  cremasteric 
pouch  attached  to  the  great  end  of  the  epididy- 
mis: in  March  they  are  protruded  into  serous 
sacs,  which  hwk  like  a continuation  of  the 
ah'loininal  cavity  beneath  the  base  of  the  tail. 
The  prostatic  glands,  which  begin  to  increase 
in  February,  acquire  an  enormous  size  and 
conceal  the  urinary  bladder  towards  the  latter 
end  of  March.  The  Cowperian  glands  lie 
beneath  the  integument  above  the  root  of  the 
tail,  and  send  their  duct  to  terminate  in  the 
urethral  bulb.  The  penis,  bent  backwanl 
u|K)n  itself,  tenninates  in  a very  long  conical 
glans  with  an  ossicle,  lodged  in  a preputial 
sheath,  which  projects  freely,  a short  distance 
below  the  anus.  In  a Ca[)C-molc  ( 
chloris)  I found  the  testes  near  the  kidneys ; 
but  the  convolute  course  of  the  vasadeferen- 
tia  indicated  their  jieriodical  movements.  The 
accessory  glands  arc  better  differentiated  into 
‘ vesicular  ’ and  ‘ prostatic  ’ than  in  Tnlpa. 

In  the  Iledgc-hog  the  vesicular  glands, 
which  become  enormous  at  the  rut,  lie 
mainly  behind  the  urinarv  bladder ; the 
flattened  mass  of  prostatic  glands  rises  in 
front : they  arc  su|)portcd  by  folds  of  |>erito- 
neum.  The  Cowperian  glands,  as  in  the 
are  extra-pelvic,  behind  the  ischia,  and  accordingly  reach 
the  urethral  bulb  by  very  long  ducts.  The  penis 
is  long  and  bent  when  at  rest.  There  are  two 
‘ Icvatores  ’ which  rise  from  the  ischial  tuberosi- 
ties behind  the  ‘ erectores : ’ ]>assing  along  the 
si<lcs  of  the  penis,  their  tendons  meet  upon  the 
‘ dorsum  ’ near  the  reflection  of  the  long  prepuce, 
crossing  the  ‘ vena  dorsalis’  and  inserted  into  the 
‘ o.ssiculum  glandis’:  the  urethra  opens  ujsm  a 
special  process  which  projects  beyond  the  main 
ntn.  body  ol  the  glans.  In  the  .Shrews,  tein]M>rary 
receptacles  in  the  j)crina!um  receive  the  enlarged  testes  during 
the  rut;  but  do  not  j>roject,  as  a scrotum.  The  ejudidyinis 


K|»'Tninl»7ti]i,  A,  of  thr  till : n, 
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extends  round  two-thirds  the  circumference  of  the  testis.  The 
terminal  half  of  the  sperm-duct  is  dilated,  like  a uterine  horn. 

In  a proboscis-shrew  { Rhynchocyoti)  the  testes,  fig.  515,  t,  have 
a long  epididymis,  e,  terminating  in  the  usual  convoluted  vas 
514  515 


A p4>rilon  (if  « tuimk*  of  tht*  iffiia,  Uulncft-piic.  with  kpvnu-ct'lli 
ami  kiHrrtiiatuzuA.  lx'Xc.  UagnldtrU  »u  Ulainotcrt. 


deferens,  d : large  conglomerate  vesicular 
and  prostatic  glands,  p,  p,  extend  along 
the  ujipcr  half  of  the  elongate  muscular 
part  of  the  urethra  : a pair  of  small  Cow- 
perian  glands,  e,  e,  open  into  the  bulbous 
part : this  is  grasped  by  a strong  ‘ acce- 
lerator,’ h,  b.  Above  the  ‘ crura  corporis 
cavernosi’  are  the  Mevatores  penis,'  k.  It. 

The  glans  is  nearly  half  the  length  of  the 
penis  ; its  termination  is  suddenly  attenu- 
ated, with  a crenatc  border  and  a fila- 
mentary ajipcndagc : there  is  no  ossicle 
in  this  or  other  shrews. 

In  the  Bats  the  prepuce  is  relatively 
longer  in  its  freely  projecting  part  than  in 
Moles  and  Shrews,  and  the  penis  is  pen- 
dulous. The  glans  offers  odd  modifications 
in  some  sjtecics : a lateral  pair  of  promi- 
nences extend  its  upper  surface  in  Ves- 
pertilio  serotinus,  the  lower  surface  being 
carinate  and  produced  into  a hirsute  ]»oiut 
ujwn  which  the  urethra  opens.  In  Gnleo- 
pithecus  the  glans  shows  two  lateral  longi- 
tudinal prominences  which  do  not  extend 
to  the  jminted  urethral  termination.  There 
is  an  ossiculum  penis  in  Pteroptts:  these  fur- 
givorous  bats  have  large  vesicular  glands. 

§ 373.  In  Bruta. — A long  epididymis  characterises  the  testicle 

VOL.  in.  L u 


Dig '1?*^!  by  Gi>Ogle 


658  ANATOMY  OF  VERTEBRATES. 

in  tlie  Armadillo : tlie  tubuli  testis  are  relatively  large  and 
disposed  in  narrow  oblique  folds  beneath  the  tunica  albuginea. 
The  testes  lie  above  the  brim  of  the  ])clvis : they  appear  not  to 
pass  out  of  the  abdomen,  for  the  vasa  deferentia  are  short  and  un- 
convolute:  these,  converging  behind  the  bladder,  penetrate  a com- 
pact triangular  prostate  (or  protoinetra?)  : there  arc  no  vc.sicular 
glands.  The  Cowperian  glands  are  situated  behind  the  ure- 
thral bulb  : each  ha.s  its  muscular  capsule.  Two  ‘ levatores’  arise 
from  the  syinitbysis  pubis  and  send  a common  tendon  to  the 
glans  penis.  The  preputial  sheath  is  of  great  extent,  and  the 
reflected  membrane  is  coloured  by  a dark  pigment.  The  j>onis 
has  a disproportionate  length,  in  relation  to  the  mechanical 
obstacles  to  coition  presented  by  the  body-armour.  The  testes 
ai’c  constantly  abdominal  in  the  Antcaters  and  Sloths.  Hunter 
notes  that  the  ducts  of  the  vesicular  glands  of  the  Anteater  open 
into  ‘ the  urethra  by  a sej)aratc  sulcus  from  the  common  canal.’ ' 
There  are  no  vesicular  or  j)rostatic  glands  in  the  Sloth.  ‘ The 
penis  is  a short  flat  body  inclosed  in  a j)re|)uce  which  is  within 
the  verge  of  the  anus.  It  is  not  above  two-tenths  of  an  inch  in 

length,  and  terminates  in  an 
obtuse  point.  It  has  a groove 
which  runs  along  its  un<ler  sur- 
face, and  which  makes  the  jxiiut 
somewhat  forked.” 

§ 374.  In  Cttacea. — Here  the 
testes  are  abdominal,  situated  at 
the  hinder  part  of  the  cavity 
between  the  grc.at  dcj)ressor 
muscle  of  the  tail  and  the 
transvcrealis  abdominis : they 

greatly  augment  in  size  at  the 
rut,  hut  do  not  change  in  jnisi- 
tion : in  their  quiescent  state 
they  assume  an  elongate  form, 
fig.  51(5,  a,  and  the  epididymis, 
h,  extends  unusually  far  in  ad- 
vance of  the  gland  itself.  The 
vas  deferens,  c,  has  a short  tract, 
hut  is  convolute.  There  arc 
no  vesicular  glands.  The  pros- 
tatic part  of  the  urethra,  ih.  A, 
k,  is  surrounded  by  a thick  capsule  of  muscular  fibres.  The 
protoinetra  is  reiluced  to  a small,  elongate  ca'cum,  fig.  517,  a, 

' CCXXWII.  Tol.  ii.  I>.  182  ’ 11..  vi)l.  ii.  j..  180. 
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concealed  in  the  prostate,  and  opening  by  the  usual  transverse 
crescentic  slit,  ib.  c,  into  the  urethra,  between  and  a little  beyond 
the  terminal  orifiees,  ib.  b,b,  of  the  sperm-ducts. 

The  penis  commences  by  two  cavernous  crura 
inclosed  in  strong  ‘ erectores,’  arising  each  from 
the  loosely  suspended  ischial  ossicle  of  the  same 
side.  The  crura  coalesce  into  a single  cavern- 
ous body  surrounded  by  a very  thick  sclerous 
sheath.  After  the  junction  of  the  crura  the 
j>enis,  in  Delpbitiidti,  describes  a close  sigmoid 
curvature,  before  terminating  in  the  long, 
straight,  gradually  taj>ering  glans.  The  corpus 
spongiosum  commences  by  a bulbous  expan- 
sion, fig.  518,  /,  embraced  by  the  ‘accelerator 
fibres,’  <7 ; but  degenerates  into  little  more  than 
a close  venous  plexus  as  it  penetrates,  in  the 
Porpoise,  the  corpus  cavernosum ; it  then 
emerges  and  extends  along  the  under  part  of 
the  corpus  cavernosum,  to  re-ex|iand  into  the 
venous  plexus  surrounding  the  tuberous  basis 
of  the  glans.  The  upper  part,  or  dorsum,  of  the  cavernous  body 
is  grooved  for  the  lodgment  of 
the  plexiform  vena  dorsalis.  In 
the  unexcited  state  the  penis 
is  withdrawn  and  concealed  in 
the  long  prepuce,  the  orifice  of 
which  is  considerably  in  a«l- 
vance  of  the  vent.  The  retrac- 
tion is  effected  by  a pair  of 
muscles,  wi,  arising  from  the 
aponeurotic  commissure  ante- 
rior to  the  sphincter  ani  e,  and 
rnrning  along  the  under  or 
urethral  side  of  the  j>enis  to 
be  inserted  into  the  sclerous 
basis  of  the  glans.  The  ))ro- 
trusion  of  the  organ  is  aided 
by  the  transverse  fibres  of  the 
‘ panniculus  carnosus  ’ sur- 
rounding the  ))reputial  sheath. 

The  section  of  the  penis  of 
a Baltenoptera  preserved  by 
Hunter  shows  a single  corpus  cavernosum  grooved  above  for  the 
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vena  dorsalis,  and  more  deeply  excavated  below  for  the  corpus 
spongiosum  urethric.' 

§ ;J75.  In  Sirenia. — These  mutilate  Mammals  are  also  ‘ testi- 
conda,’  hut  differ  fi'om  the  Cetacea  in  having  vesicular  glands,  a 
penis  with  a ‘septum  corjwris  cavernosi,’ and  provided  with  a 
j)air  of  ‘ levatores,’  which  unite  to  form  a tendon  u|X)n  the 
‘ dorsum.’  In  the  Dugong  {Ilnlicnre ),  the  glans  consist.s  of  two 
semilunar  side-lohes,  including  the  cotiical  process,  on  the  apex 
of  which  tlie  urethra  opens.  In  a half-grown  male  the  vesicular 
glands  were  four  inches  long  and  two  inches  acro.ss  the  fundus, 
where  their  glandular  parietes  were  thickest;  the  internal  sur- 
face was  reticulate.  The  viusa  deferentia  were  irregularly  con- 
voluted ; they  communicated  w'ith  the  duct  of  the  vesicular 
gland,  the  common  opening  being  into  the  dilated  beginning  of 
the  urethra,  which  describes  a curve  below  the  vesical  orifice: 
according  to  L ‘Uckart,  it  receives  the  opening  of  a liottlc-shaped 
protometra.  about  an  inch  in  length.’ 

^ .‘570.  /«  Prohoscidin. — The  testes  retain  in  the  Elephant  the 
situation  in  which  they  were  devcloj>ed,  viz.  below  or  beyond 
the  kidneys.  Their  ducts  have  the  same  minor  degree  of  density 
a.s  in  Sirenia  and  other  ‘ testiconda they  describe  a tortuou.* 
course  to  between  the  urinary  bladder  and  vesicular  gland,  where 
they  terminate  on  a papillary  eminence  at  the  fundus  of  a true 
seminal  bladder,  of  a pyriform  shape,  with  thin  walls  and  a 
smooth  internal  surface.  These  tcnninal  reservoirs  are  in  eont.act 
and  adherent : they  open  into  the  beginning  of  the  urethra 
distinctly  from  the  orifices  of  the  vesicular  glands.  These  are 
elongated  and  rather  contracted  toward  the  closed  end,  which  is 
divided  by  a constriction  or  sej)tum  from  the  general  cavity,  with 
which  it  communicates  by  a small  canal.  The  glandular  ])arietes 
are  thickest  at  the  closed  end,  and  the  inner  surface  is  broken 
by  decussating  columnar  processes  projecting  into  the  cavity ; 
their  interspaces  extend  in  many  parts,  like  sinuses,  deep  into 
the  substance  of  the  vesicular  walls : towards  the  urethra  these 
walls  become  smoother.  Each  vesicle  has  a special  mu.scular 
investment,  for  expulsion  of  its  secretion  into  the  urethra.  The 
prostatic  glands  arc  two  on  c.ach  side,  external  to  the  vesicular 
ones,  and  of  much  srn.aller  size  : they  arc  also  jtrovided  with  a 
partial  muscular  covering.  A cxcal  rudiment  of  the  protometra 
extends  from  the  base  of  the  verumontanal  cul-de-sitc.  The 
corpora  cavernosa  penis  arc  divided  by  a thick  sclerous  vertical 
partition,  and  in  transverse  section  pre.sent  a reniform  figure,  with 
' xn.  vol.  iv.  p.  87,  No.  2.V27.  * cc.vx.xi.\".  p.  1429. 
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tlie  corpus  spongiosum  aucl  urethra  occupying  the  concavit}-.  The 
veins  of  the  corpus  cavernosum  are  surrounded  Iiy  a soft  tissue  of 
uiistriped  muscular  fibre.  Tlie  glans  penis  is  elongate,  sub- 
cylindric  at  the  base,  becoming  rather  depressed  at  the  end, 
which  is  obtuse  and  rounded.  Besides  tlie  ordinary  muscles, 
there  are  a pair  of  ‘ Icvatores  penis,’  arising  from  the  jiiibis,  send- 
ing their  tendons  into  the  dorsum,  where  they  coalesce  above  the 
vena  dorsalis,  and  run  along  a sheath  of  the  thick  .sclerous  wall 
to  the  glans. 


§ 377.  In  Perissodm-tyla. — In  the  Rhinoceros  the  testes  arc 
inguinal,  in  close  contact  with  the  abdominal  rings.  The  tunica 
vaginalis  communicates  freely  with  the  peritoneal  cavity.  The 
testis  is  surrounded  by  a strong  and  thick  ‘ tunica  albuginea  : ’ the 
‘corpus  Highmorianum  ’ is  continued  iu  the  form  of  a moderately 
thick  white  band,  from  the  end  where  the  efferent  vessels  pass  out 
t4i  form  the  ‘ caput  epididymidis,’  along  the  whole  longitudinal  axis 
of  the  gland.  From  this  band  or  centre  of  the  cellular  frame- 
work of  the  gland,  the  septal  layers  diverge  to  all  parts  of  the  ex- 
ternal tunic,  forming  the  compartments  in  which  the  lobes  of 
aggregated  ‘ tubuli  seminiferi  ’ are  lodged.  The  branches  of  the 
spermatic  artery,  on  penetrating  the  tunica  albuginea,  pass 


directly  to  the  corpus  Highmorianum, 
and  their  ramifications  diverge  thence, 
sujiported  by  the  radiating  septa,  and 
form  a rich  network  u|x>n  the  inner  or 
vascular  layer  of  the  capsule  of  the 
testis.  The  vas  deferens  in  the  in- 
guinal canal  is  surrounded  by  the  ves- 
sels and  especially  by  the  jdexiform 
veins  of  the  spermatic  chord ; on  en- 
tering the  abdomen  it  is  received  in  a 
peritoneal  fold,  and  is  conducte»l  to 
the  side  and  then  to  the  back  part  of 
the  urinary  bladder,  passing  between 
the  bladder  and  the  ureter : having 
got  to  the  inner  side  of  the  termina- 
tion of  the  ureter,  fig.  519,  «,  the 
vasadeferentia,  ib.  frf,descend  straight, 
slightly  converging,  to  the  middle  of 
the  back  jiart  of  the  prostate,  ]> : 
they  jienctnite  that  gland,  together 
with  the  ducts  of  the  vesicular  glands 


orgun*. 
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side  of  these  ; and,  communicating  with  them,  the  common  duct 
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on  cadi  side  finally  tcnninates  by  a minute  |)ore  ujion  the  crudal 
verumontamira.  The  vasa  deferentia  are  thickened  to  about  thrice 
their  ordinary  diameter  in  the  last  three  inches  of  their  course; 

but  their  canal  or  area  is  not  jiroportionally 

f dilated;  it  is,  on  the  contrary,  rather  con- 
tracted, by  the  thickness  of  the  cellnlo-f^lan- 
dular  parietes  to  wliich  the  enlargement  of 
the  duct  is  due.  The  vesicular  glands,  ib.  cs, 
present  an  elongate  subcoinjiressed  pyriform 
shajie,  eight  inches  in  length,  and  three  inches 
and  a half  across  the  broadest  part  of  the 
fundus.  They  have  a lohulated  exterior,  and 
a structure  very  similar  to  that  of  the  same 
hiKlies  in  Man.  The  prostate,  ib.  p,  resem- 
bles that  of  many  Rodents,  being  conijmsed 
of  an  aggregate  of  long  slender  cajcal  tubes 
with  glandular  walls  converging  to  the  ducts 
of  the  vesicul®  and  vasa  deferentia,  and 
opening  by  numerous  minute  apertures  on 
the  vcrumontamim.  The  breadth  of  the 
jirostate  is  six  inches ; its  anteni-posterior 
extent  four  inches : it  does  not  quite  sur- 
round the  beginning  of  the  urethra,  but  is 
^ closely  applied  to  the  back  and  sides  of  that 

Bill]  ninscle^.  canal.  The  muscular  part  of  the  urethra 

extends  about  three  inches  from  the  prostate 
before  it  joins  tbe  bulbous  and  cavernous  portions,  close  to  which 
are  situated  two  large  subcompressed  oval  Cowperian  glands,  ib. 

c,  c.  Each  of  these  measures  three  inches  and 
a half  by  two  inches  and  a half.  The  great 

t plexus  of  veins  above  the  dorsum  penis,  near  its 
root,  is  enveloped  in  a mass  of  clastic  tissue, 

1 like  the  ‘ dartos’  of  the  human  scrotum. 

The  fleshy  part  of  the  ‘ levatores  penis,’  fig. 
520,  I,  I,  measures  fourteen  inches  in  length, 
five  inches  across  their  basal  origin,  and  be- 
[ tween  one  and  two  inches  in  thickness.  Their 
oblique  origin  is  extended  over  the  space  of 

AiK-iiif(ri»n«,  one  foot  from  the  ento-pelvic  part  of  the  pubis 

down  to  the  ischium.  The  tendinous  part 
of  the  muscle  commences  where  the  ]>ubic  portion  joins  the 
ischial  one  at  the  inner  and  under  border  of  the  fleshy  part; 
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it  is  lialf  an  iiicli  tliick  at  its  comuieiiceiuent,  but  expands  as 
it  extends  along  tlie  innscle,  the  fleshy  faseienli  of  wliich  are 
inserted  into  tlie  tendon  in  an  obliquely  eonvcrging,  or  semi- 
penniforni  manner.  -\s  the  tendon  augments  in  breadth,  it 
diminishes  in  thickness,  converging  towards  its  fellow,  which  it 
meets  and  joins  two  inches  before  the  anterior  termination  of  the 
fleshy  portion.  The  two  united  flattcnetl  tendons  beyond  are 
gradually  converted  into  a nuind  chord  of  ligamentous  substance 
an  inch  in  diameter.  This  chord,  ib.  /,  glides  through  a strong 
slightly  elastic  a|>oneurotic  sheath,  along  the  median  groove  of 
the  dorsum  ])eni8 ; it  is  connected  with  the  inner  surface  of  the 
sheath  by  a highly  ehistic  cellular  tissue;  the  chord  maintains  its 
ropelike  char-acter  along  the  basal  third  of  the  glans,  then  sub- 
sides, ex|)anding  laterally,  and  is  finally  lost  ujam  the  firm  cap- 
sule of  the  glans.  There  is  no  ‘ os  penis.’  A pair  of  ‘ retractores 
penis,’  fig.  520,  t,  t,  are  inserted  into  the  under  part  of  the  base 
of  the  glans.  The  nerves  of  the  dorsum  penis,  the  arteries,  and 
trunks  of  two  large  plexuses  of  veins,  pa-«s  beneath  the  bridge 
formed  by  the  confluence  of  the  tendinous  and  muscular  parts  of 
the  ‘ levatores  penis  ’ and  between  tbe  two  suspensory  ligaments 
of  the  penis.  These  ligaments  are  an  inch  in  breadth,  and  one- 
third  of  an  inch  in  thickness  at  their  origin  from  the  ischio-pubic 
arch  a little  in  advance  of  the  ligamentous  attachments  of  the 
crura  corporis  cavernosi.  The  total  length  of  the  undistended 
penis  is  three  feet  nine  inches;  the  circumference  of  the  prepuce 
is  one  foot  five  inches.  The  preputial  orifice  is  two  feet  ten  inches 
from  the  vent.  The  substance  of  the  large  reflected  preputial  fold 
of  soft  integument,  fig.  520,  p,  r,  is  from  half  an  inch  to  two-thirds 
of  an  inch  in  thickness,  and  consists  of  a moderately  compact 
cellular  corium,  with  a delicate  epiderm,  minutely  rugose,  in  the 
transverse  direction,  and  j)crforate  or  punctate  with  the  pores  of 
the  mucous  follicles  which  are  very  regularly  disperserl  at  in- 
tervals of  about  a quarter  of  an  inch.  The  glans  penis,  ib.  gl, 
is  a long  and  slender  subcompresserl  cone  with  a truncate  ape.x  ; 
in  its  flaccid  undistenderl  state,  it  is  one  foot  in  length  : the  pre- 
puce is  reflected  upon  its  base  at  the  same  transverse  or  circular 
line,  and  there  is  no  fra-num.  The  a|>ex,  ib.  a,  is  not  simple,  but 
resembles  a mushnsun  on  a thick  peduncle,  fig.  521,  /,  projecting 
from  an  excavation  at  the  end  of  the  glans  with  a thin  wall  or 
border,  ib.  e,  e,  like  a second  prepuce ; but  this  is  of  the  same 
structure  as  the  rest  of  the  firm  surface  of  the  glan.s.  On  each  side 
of  the  base  of  the  glans,  and  rather  towards  its  under  part,  there 
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is  a longitudinal  thick  oblong  ridge  or  lobe,  fig.  520,  r,  three 
inches  and  a half  in  length,  and  eight  lines  in  basal  thickness : 
the  thick  rounded  free  border  of  each  lobe  inclines  downwards. 
A narr<»w  ridge  commences  in  the  median  space  of  the  ‘ dorsum 
glandis,’  which  increases  in  height  as  it  advances  forwards,  and 
then  subsides  two  inches  from  the  border  of  the  tenninal  or  aj>ical 
fossa.  The  projecting  border  of  this  fossa  describes  a compressed 
oval,  and  is  attached  to  the  pedunculated  apj>endage,  fig.  521, 
by  a ])roccss,  like  a frainum,  continued  upon  the  middle  line  of 
both  the  upper  and  under  surfaces,  ib. /,  of  the  thick  j)cduncle  : 
the  fossa  between  this  peduncle  and  the  free  external  border  is 
two  inches  in  depth.  The  stem,  I,  of  the  terminal  expanded 
discoid  appendage  is  subcomj)re.ssed  with  an  oval  section  : the 
disc  is  ovate,  one  inch  eight  lines  long  by  one  inch  across  its 
broader  inferior  part,  where  it  extends  farthest  from  the  8iip|>ort- 
ing  stem.  The  urethra,  u,  terminates  in  the  middle  line  of  the 
disc  between  its  middle  and  upper  third. 

In  the  Sumatran  Taj>ir  the  base  of  the  glans  has  an  upper 
lobe  as  well  as  one  on  each  side,  beyond  which  it  is  continued 
forward  contracting,  but  terminates  in  a truncate  surface  on 
the  middle  of  which  the  urethra  opens.  In  the  American  Tapir 
the  orifice  is  nearer  the  lower  margin  of  the  disc.  The-testes 
are  inguinal,  in  a slightly  indurated  se.ssile  scrotum,  alxiutfi  inches 
helow  the  vent.  The  accessory  glands  resemble  those  of  the 
Rhinoceros. 

The  testes  were  abdominal,  below  or  beyond  the  kidneys,  in 
the  IIyrax(//.  capeusis)  dissected  by  me;  the  vasa  defereiitia  are 
convoluted,  like  a second  epididymis,  lx;hind  the  urinary  bladder: 
they  terminate  near  to,  but  distinct  from,  the  ducts  of  the  vesi- 
cular glands,  at  the  lower  end  of  the  unusually  elongated  mus- 
cular tract  of  the  urethra:  the  vesicular  glands  extend  on  each 
side  of  this  canal,  their  closed  ends  just  reaching  the  bladder. 
Two  prostates,  of  a tubular  structure,  are  near  the  duct-ends  of 
the  vesiculie.  Two  small  flattened  Cowperian  glands  communi- 
cate by  long  ducts  with  the  wide  cavity  of  the  bulb  of  the  ure- 
thra. The  ])enis  is  bent  abru|)tly  backward,  and  the  glans  has 
a truncate  termination.  Besides  the  ‘ erectores  ’ and  ‘ accele- 
ratorcs,’  there  is  a |>air  of  ‘ levatores,’  arising  from  the  symphysis 
])ubis,  and  terminating  by  a single  tendon,  as  in  the  Rhino- 
ceros. 

In  the  Horse  the  scrotum,  fig.  522,  a,  is  suspended  between  the 
thighs  at  a distance  of  about  nine  inches  beneath  the  anus,  whence 
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it  is  prolonged  forward,  to  terminate  in  the  j>repnce,  ib.  f,  r. 
Tlie  testis,  ib.  g,  is  of  a sul)- 
compressed  ovoid  form,  the 
epididymis,  h,  /,  rather  closely 
attached  to  the  testis  and  not 
longer  than  the  gland.  Thevas 
deferens,  »i, enlarges  at  its  ter- 
minal part,ib.  o,»,and  fig.  523, 
n,  a,  by  the  development  of 
its  inner  tunic  into  numerous 
close-set  transverse  glandu- 
lar lamella;.  The  vesicular 
glands,  6g.  522,  x,  x,  fig.  523, 

5,  5,  arc  simple  bladders  with 
thin  walls.  In  the  transverse 
fold  of  peritoneum  connecting 
together  the  enlarged  parts 
of  the  sperm-ducts  is  situated 
the  protometra,  fig.  523,  c,  in 
form  of  a slender  elongate 
tube,  bifurcate,  in  the  Zebra 
and  Ass,  at  its  blind  end.' 

The  prostates  are  parenchy- 
matous, and  open  into  the 
upper  or  vesical  end  of  the 
muscular  tract  of  the  urethra  : 
at  the  lower  end  of  this  j>art 
are  the  Cowperian  glands,  fig. 
of  the  urethra. 

The  corpus  cavemosum  j)enis  is  funned  by  confluence  of  that  of 
the  two  crura,  into  one  body,  without  vertical  septum,  ‘ the  parts 
composing  its  cells  appear  muscular  to  the  eye,  and  in  a Horse 
just  killed  they  contract  on  being  stimulated.’*  The  fibrous  tissue 
here  noticed  lies  between  the  vascular  and  sclerous  j)arts  of  the 
cells.  The  glans  has  two  lateral  semilunar  lobes,  and  at  its  apex 
a central  pyramidal  process  on  which  the  uretlira  oj)ens.  The 
‘ crura  penis  ’ are  surroundetl  by  thick  ‘ erectores,’  having  an  ex- 
tensive origin,  fig.  524,  d:  two  strong  suspensory  ligaments,  ib.  «, 
pass  from  the  symphysis  pubis  to  the  dorsum.  Besides  the  ordi- 
nary muscles,  there  is  a pair  of  small  ‘ levatores,’  ib.  h,  c,  serving 
mainly  as  compressors  of  the  vena  dorsalis  penis,  ib.  e ; there  is 

' XX.  voL  iv.  p.  93.  ’ xciv.  p.  30. 


Male  or^n«,  Honw*. 

522, y,y,  which  open  into  the  bulb 
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also  a pail-  of*  retractores ’ arising  from  tlie  os  coccvgis,  fig.  522, 
j,,  q,  passing  on  oaoli  side  the  sphincter  ani,  r,  then  converging  to 
run  togetlier  along  the  urethral  side  of  the  penis,  *,  to  the  base  of 
the  prepuce.  In  the  castrate  horse  these  usually  degenerate  into 
elastic  sclerous  tissue. 

§ :$78.  In  Artiodactylii.—'V\w  male  organs  of  the  Suida  are  , 
chiefly  remarkable  for  the  enormous  development  of  the  Cow-  j 


I 


Protomflni.  kv.  «f  ihc  Xm.  ot-xxxnr". 


perian  glands.  The  teste.s  are  perimeal : the  scrotum  slightly 
projects ; it  is  not  pendulous.  The  vesicular  glands  are  large, 
lobulated,  with  parenchymatous  walls,  their  ducts  terminate  dis- 
tinctly from  those  of  the  te.stes.  The  jirostates  are  small,  near 
the  cervix  of  the  vesicula;.  The  muscular  |>art  of  the  urethra 
is  of  great  length  and  the  Cowperian  glands  are  co-extended 
therewith  : each  presents  an  elongate  suhtrihedral  form,  invested 
by  a muscular  capsule;  the  glandular  parietes  are  very  thick: 
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the  teniii’nal  duct  opens  bevond  a tninsverse  valvular  fold  sepa- 
rating the  bulbous  from  the  muscular  part  of  the  urethral  canal. 
The  penis  shows  a sigmoid  flexure,  and  has  a pair  of  ‘ retractores,’ 
arising  from  the  hollow  of  the  caudal  end  of  the  sacrum,  and 
inserted  at  the  end  of 
the  bend  next  the  glans. 

This  is  triquetral,  elon- 
gate and  pointed.  The 
s|K>ng_v  part  of  the  ure- 
thra, between  glans  and 
bulb,  is  reduced  to  a 
few  veins.  The  prepu- 
tial opening  is  near  the 
navel. 

The  Ruminant  .Vrtio- 
dactvles  are  devoid  of 
vesicular  glands ; their 
testes  pass  into  a f»ed- 
unculate  scrotum.  The 

. . ^ 8a«pcDsory-  •>{  peuia.  H:j>ror. 

spermatic  arteries  form, 

by  their  close  and  numerous  convolutions,  a plexifonn  mass,  which 
is  specially  notable  in  the  Bull.  The  vasa  deferentia  slightly  en- 
large at  their  termination  in  the  Camel,  but  are  not  there  different 
in  structure  from  the  rest  of  the  sperm-ducts : they  tenninate 
upon  a broad  wrinkled  veruraontanum.  The  prostate  is  a trans- 
versely oblong  compact  body  with  a smooth  exterior,  the  secre- 
tion pa.«ses  by  several  orifices  into  the  depressions  at  the 
sides  of  the  verumontanum.  Cow|>er’s  glands  are  of  moderate 
size,  subcircular,  comjiact  in  structure,  with  a thick  muscular 
capsule.  The  corpus  spongiosum  commences  by  a plexus  of 
veins  affecting  a (laraliel  course  around  the  membranous  jtart  of 
the  urethra,  but  convolute  in  diverse  directions  to  form  the  bul- 
bous expansion ; advancing  from  which  the  veins  become  rcducctl 
to  two  or  three  in  ntimljer,  running  parallel  with  each  other  and 
the  urethra.  The  cavernous  part  of  the  |>enis  forms  a slender 
evlinder,  it  extends  forward  beneath  the  linea  alba,  closely  con- 
nectetl  therewith,  making  a ridge  along  that  part  of  the  abdo- 
minal surface ; then  becoming  free  and  receiving  a reflected 
covering  of  skin,  or  ‘ prepuce,’  anterior  to  which  usually  depends 
a tuft  of  hair.  The  glans,  in  the  Camel,  is  long,  pointed,  with 
its  apex  continued  beyond  the  urethral  opening  and  l>ent  back. 

In  the  Goat,  fig.  525,  the  dilated  terminal  parts  of  the  sperm- 
ducts,  a,  a,  have  a glandular  thickening  of  the  inner  tunic.  The 
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pro.stiitcs,  h,  h,  have  eacli  a small  central  cavity;  whence  tlie 
duct  is  continued  to  terminate  near  the  .sperm-duct,  in  an  oldon*; 
depression  by  the  side  of  the  verumontanum  : on  a small  fold  of 

f>2H 


this  part  is  the  orifice  of  the  protonietra  which  is  continue<l,  at 
c,  between  the  dilated  si)erm-ducts,  closely 
attached  thereto  by  areolar  tissue ; then  di- 
viding into  two  horns  diverging  and  closely 
apposed  to  the  sperm-ducts,  n,  a,  as  far  as 
the  epididymis,  in  which  they  are  lost.  The 
Cowperian  glands,  two  on  each  side,  open 
u]>on  the  margin  of  a fold  at  the  bulb  of  the 
urethra.  The  prostatic  glands  in  the  Deer, 
fig.  526,  h,  h,  arc  more  slender  in  ])roj)or- 
tion  to  their  length  than  in  the  Goat.  The 
protonietra,  c,  is  reducerl  to  a hardly  dis- 
tinguishable trace;  and  its  cavity,  which 
exists  in  the  embryo,  is  obliterated  at 
birth. 

In  the  Bull  the  narrow  elong;ife  jirostates 
are  irregularly  contorted.  The  ‘ ercctores’ 
and  ‘ acccleratores  ’ are  powerful  muscle.s. 
The  slender  ‘ retractores  ’ arise  from  the 
anterior  commissure  of  the  sphincter  ani. 
pro,uu-.«iidpmtnmitni.  iiwr.  'p|^p,.p  pre])Utial  follicles  in  most  Kumi- 
nants,  especially  the  Antelojics  ; but  only  in 
tbe  Muskdeer  do  they  attain  the  size  and  structure  described  in 
the  preceding  chapter.  In  no  hoofed  Mammal  is  there  an  ‘os  penis.’ 
§ 379.  In  Cnruii'nra.—  lhQ  outward  indications  of  the  male  sex 
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arc  hardly  distinguishable  in  the  Seal  tribe.  Here,  the  testes,  when 
extra-abdominal,  make  no  scrotal  projection  : they  are  imbedded 
in  areolar  tissue,  between  the  pubis  and  the  thighs : the  tunica 
vaginalis  communicates  freely  with  the  alnlomen  : the  sperm-<iuct8 
take  the  usual  course.  There  arc  no  vesicular  glands  ; there  is  but 
a small  suhbilobed  prostate.  The  penis  makes  no  outward  projec- 
tion : the  preputial  opening,  about  six  inches  in  advance  of  the 
vent,  is  inconspicuous.  The  glans  |)enis  is  pointed,  supjwrted  by 
a bone  almut  half  an  inch  long,  in  Phuru  vitulina,  int4)  which  are 
inserted  a pair  of  ‘ retractores,’  arising  from  the  anterior  commi.s- 
sure  of  the  anal  sjdn’ncter.  The  remnant  of  the  j)rotometra  in 
P/i.  ritit/iiia,  is  but  two  lines  in  length  ; the  orifice  behind  the 
verumontanum  is  rarely  patent.  The  os  penis  of  the  Walrus  is  a 
massive  subcylindrical  bone,  sometimes  two  feet  in  length,  ex- 
panded at  one  end,  where  the  cancellous  structure  prevails.' 

The  testes  lie  under  the  skin  of  the  groin  in  otters,  under  that 
of  the  periniBum  in  civet.s.  The  scrotum,  where  best  developed 
in  Carnivora,  is  hairy  and  less  pendulous  than  in  KuminanLs.  As 
in  these,  the  vesicular  glands  arc  absent’;  the  prostatic  glands 
are  small  and  compact.  The  j)cnis,  save  in  Cauitlte,  Viverridee, 
and  Ilifiena,  has  a bone. 

In  the  Hear  the  spemwlucts  are  enlarged  and  in  close  contact 


at  their  terminations,  with  thick  follicular 
walls:  beyond  this  glandular  j>art  they  retain 
their  width,  but  contract  to  open  uj)on  the 
verumontanum.’  A thin  layer  of  prostatic 
substance  surrounds  the  beginning  of  the 
urethra.  The  os  penis  in  Ursus  arctos  may 
be  6 inches  in  length.*  In  the  Subursine 
genus  Mrhs  a remnant  of  the  protometra, 
fig.  527,  a,  rises  between  the  glandular  ends  of 
the  sperm-ducts,  h,  h:  its  cornua  are  reduced 
to  mere  filaments,  c:  the  prostate  is  better 
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Pn>U>m«ira, «.  nat.  •tt/e, 
BadKcr.  ccxxxix'*. 


developed  than 


in  Ursines,  esjiecially  in  the  Racoon,  in  which  it  is  in  advance 


of  the  neck  of  the  bladder.  In  the  Kinkajou  the  os  ]>enis  is 


sub-bifurcate  at  the  distal  end,  which  is  covereti,  as  in  most 


Hubursines  and  Mustelines,  by  the  membranes  of  large  dila- 


* xijv.  p.  638,  Xo.  3919. 

’ ‘ I>*ti  Ti'Mcnlt*®  cxiutvnl  dans  Ics  eoati>*/  xii.  tom.  riii.  p.  160.  Hontfr, 

however,  pxp^e^sly  of  hin  * Swash,*  which  I detcrminwl  by  the  skull  (No.  -466l>, 

XLiT.)  t4)  be  a younjr  Coatimondi,  that  * it  haji  no  vcsicula?  seminaleT*.*  txxxxri,  vol.  ii. 
p.  90.  The  same  result  has  l)«en  had  from  sul^soquent  dissecliona  at  the  Zo'dogical 
Gardena,  cclxxiii''. 

* ccxxxvT.  Tol.  ii.  p.  92.  noie  3. 

* A fossil  specimen  of  this  bone,  in  Vftns  mcasurvd  nim  iuches. 
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table  sinuses,  ami  projects  beyond  the  proper  erectile  tissue  of 
the  glans.  Besides  the  usual  muscles  of  the  penis  there  is,  in 
Plantigrades,  a pair  arising  from  the  sacrum  diverging  to  include 
the  sphincter  ani,  and  then  continued  on  to  the  dorsum  penis  as 
far  as  the  bone.  In  tbe  Otter  tbe  sj)erm-ducts  have  glandular 
terminations.  ‘ Between  the  tw'o  there  is  a small  bo<ly  or  canal 
which  enters  (he  urethra  at  the  caput  gallinaginis,  but  not  with 
the  vasa  deferentia ‘ in  this  remnant  of  the  protometra  the 
cornua  are  filamentai'y,  as  in  Mdes.  In  Mustela  martes,  also. 
Hunter  observes : — ‘ There  is  a small  cavity  between  the  two 
vasa  deferentia,  at  their  entrance  into  the  urethra,  which  will 
admit  the  small  end  of  a small  blow-pipe ; but  I could  not  find 
any  natural  o|)cning  into  the  urethra.’  ’ 

In  the  Dog-tribe  the  scrotum  is  more  prominent  than  in  Mus- 
telines or  Plantigrades.  The  prostates  form  a protuberant  body, 
and  exude  the  secretion  by  several  jK>res  at  the  sides  of  the  veru- 
montnnum.  The  spmgy  tissue  of  the  urethra  expands  suddenly  and 
considerably  at  the  base  of  the  glans,  wliicli  lias  an  ossicle:  tbe  blood 
is  thence  returned  by  two  ‘ veiuc  dorsales  penis’:  these  are  com- 
pressed by  the  action  of  ‘ levatores,’  arising  from  the  first  cmidal 
vertebra,  jiassing  one  on  each  side  of  the  anal  sphincter,  then  con- 
verging to  gain  the  dorsum  penis,  crossing  the  veins,  and  termi- 
nating at  the  base  of  the  bulbous  part  of  the  glans.  As  long  as 
the  ‘ levatores  ’ retain  the  stimulus  to  contract,  after  coition,  the 
distended  glans  forms  a mechanical  impediment  to  retraction  of  the 
penis  from  the  vagina.’  The  ossicle  is  grooved  for  the  urethra. 

The  prostates  are  moderately  large  and  lobulate  in  the  Ichneu- 
mons, in  which  Cowjierian  glands  also  exist.  In  the  Suricate 
{Rht/ztena  trtradnctyla)  the  scrotum  is  as  little  marked  ns  in 
Mustelines:  there  are  neither  vesicular  nor  prostatic  glands; 
but  there  is  a jiair  of  very  large  Cowjierian  glands,  with  the 
usual  muscular  cajisule,  and  with  unusually  long  ducts,  through 
which  the  secretion  is  pro]ielled  to  a dilatation  near  the  distal 
end  of  the  urethra:  behind  their  orifices  a semilunar  fold  opposes 
the  retrograde  passage  of  the  secretion  into  the  long  tract  of 
urethra  intervening  between  it  and  tbe  neck  of  the  bladder. 
In  the  Zil>et  ( llverra  Zibetha)  there  is  a small  prostate:  beyond 

* cxxxxvi.  vol.  ii.  p.  71-  ftUo  ccxi.i"  p.  49. 

* U>.  ib.  p.  67. 

’ * I Uitl  bare  the  uf  h dog.  aliiioMt  tbn>ugh  its  whide  length  ; tract^d  the  two 
vein«  that  came  fr»»in  the  ginn*  and  Hejwniled  them  from  the  arteries  by  dissection, 
that  I might  able  to  compremj  them  witliout  afl’ectiup  the  nrtcrict*.  I then  com* 
presfcrd  the  two  vcin^,  and  found  the  gluns  and  large  bulb  became  full  and  extended.* 
XC1V.  p.  32. 
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which  the  muscular  tract  of  the  urethra  extends  far  before  its 
comhination  with  the  erectile  parts  of  the  penis : here,  behind  the 
bulb,  is  a pair  of  large  Cowperian  glands.  The  j)enis  is  con- 
tinued from  the  junction  of  the  crura,  forward,  in  front  of  the 
pubis  to  a small  prepuce  at  the  fore  part  of  the  enlargement 
caused  by  the  scent-glands.  The  glans  ])enis  is  pointed  and 
bent  downward : it  has 
no  bone.  This  is  want- 
ing also  in  the  Musangs, 
in  which  the  prostate  is 
large,  but  sur|>asscd  by 
Cowj)er’s  glands:  the  jwe- 
putial  scent-follicles  open 
upon  a tract  distinct  from 
the  anal  glands.  In  the 
Hywna  the  prostates  fig. 

52S,  c,  c,  are  large  and  re- 
niform, partially  confluent 
behind  : there  is  a minute 
flash-shaped  protometra, 
ib.  n,  in  the  usual  posi- 
tion between  the  ends  of 
the  sperm-ducts,  h,  b : 
these  are  less  dilated  and 
glandular  than  in  most 

Carnivores.  ^I'hc  C'ow-  Accewsur}  male  Hiuiul*  ami  prolomrlra4>f//jr<rit/(.'Mri«ila,  half 

iiat.  also.  iTXXxi:!". 

perian  glands,  d,  d,  are 

elongate  and  ])yriforin : their  duct.s  o])en  far  forward,  nearer  the 
glans  ]>eni8  than  the  vesical  orifice.  There  is  no  ossicle : ‘ the 
penis  is  easily  pulled  out  of  the  ])repucc,  and  the  ])repuce  then 
seems  to  be  continued  all  along  the  penis  to  the  end,  and  much  of 
the  same  colour.  This  is  not  the  same  as  in  a dog,’’  in  which  the 
covering  of  the  glans  is  more  distinct  in  texture  and  attachment. 

In  the  Cat  the  glans  penis  is  beset  with  callous  retroverted 
]>apilla::  they  are  less  numerous  and  conspiiuious  in  the  Tiger 
and  Lion.  In  all  Felines  there  is  a small  prostate,  limited  to 
the  back  part  of  the  neck  of  the  bladder : the  muscular  j)art  of 
the  urethra  is  long.  Cowper's  glands  are  large,  and  derive  their 
muscular  covering  from  a miHlificntion  of  the  ‘ acceleratores,’  of 
which  an  external  may  be  distinguished  from  an  internal  portion. 
The  ‘ erectores  ’ arise  each  by  a broad  tendon  from  the  pubis  : 
anterior  to  this  the  ‘ compressores  vena;  dorsalis  ’ take  their  origin, 
• ccxxxiv.  vol.  ii.  p.  .‘>8. 
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and  converge  to  unite,  at  the  symphysis  pubis,  in  a strong 
common  tendon,  which  passes  over  the  ‘ vena  dorsalis  penis.’ 
Two  slender  fasciculi  derived  from  tlie  ‘ retractor  ani  ’ pass  along 
the  bulb  and  under  side  of  the  urethra  to  the  line  of  reflection  of 
the  prepuce,  where  they  are  lost  in  the  skin  of  the  glans : they 
bend  back  that  part,  in  the  unerect  state,  and  cause  the  felines  to 
be  ‘ retromingeut.’ 

§ 380.  In  Quudrumana. — The  testes  of  the  Aye-aye  ( 
occupy  a sessile  scrotum : the  tunica  vaginalis  communicates  with 
the  peritoneal  cavity,  but  by  too  contracted  a canal  to  j>ennit  any 
return  there  of  the  testes,  offering  a notable  difference  from 
liotlcnts.  There  are  no  vesicular  glands ; but  a moderate  sized 
compact  prostate,  and  a pair  of  flattened  oval  Cowperian  glands, 
the  ducts  of  which  penetrate  the  urethral  bulb.  Besides  the 
‘ erectores  ’ and  ‘ acceleratores,’  there  is  a pair  of  strong  ‘ levatores 
penis  ’ arising  from  a fascia  below  the  symphysis  pubis,  crossing 
the  vena  dorsalis,  and  inserted  by  a common  tendon  into  an 
‘ ossiculum  penis.’  The  i)enis,  of  a subconical  form,  projects 
about  an  inch,  in  the  uuereet  state,  it  is  covered  by  the  thin 
naked  skin  of  the  j)rcpuce,  which  has  a transverse  orifice. 

In  the  Slow  Lemurs  (^Steiiops  Tarsias,  Otolienus,  Perodicticus) 
there  are  vesicular  glands  in  the  form  of  oval  subcompressed  bags, 
with  a plicate  or  honeycombed  inner  surface:  their  ducts  terminate 
distinctly  from  those  of  the  testes.  The  prostate  has  a bifid  base 
and  coni|)act  structure.  The  Cowperian  glands  are  relatively 
large.  The  short  penis  has  an  ossicle,  and  projects,  or  hangs 
conspicuously  as  in  Chiromys : the  ossicle  ends  in  a terminal 
process  of  the  glans.'  In  the  Makis  {Lemur)  the  vesicular 
glands  consist  each  of  an  elongate  c.-ecal  tube,  bent  inward 
and  downward  at  their  free  end,  with  thin  walls  and  a minutely 
rugous  inner  surface : in  other  respects  the  male  organs  resemble 
those  of  Chiromys.  Each  ‘ levator  penis  ’ arises  from  the  upper 
part  of  the  crus : they  converge  above  the  two  ‘ vena:  dorsales  ’ 
to  a common  tendon  which  runs  along  the  dorsum  penis  to  the 
ossicle.  The  glans  is  large  and  expands  to  a free  truncate  end 
with  the  urethra  opening  near  the  centre  of  the  disc;  the  sides 
of  the  glans  are  beset  with  small  callous  |mpilla*. 

The  scrotum  is  more  pendent  in  I’latyrhine  and  higher 
Qutidrumnna  : the  vesicular  glands  have  thicker  parietes  and  a 
more  lobulatcd  or  ramified  form:  the  prostate  is  more  compact  : 
the  Cowperian  glands  become  reduced  in  size.  The  penis  is 
prominent  or  pendulous  in  all.  The  glans  tenninates  by  a 
large  oxi)ansion  in  Aleles.  In  Cebus  rnpacinus  Cuvier  found  no 

‘ XX.  vol.  iv.  p.  101. 
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median  septum  dividing  the  corpus  cavemosum : it  is  present  in 
all  Catarhines,  but  degenerates  into  a ‘ pectiniform  ’ partition 
anteriorly.  In  Macactis  Cynomolgus  the  vesicular  gland,  fig. 
529,  e,  is  large  and  lobulate,  its  duct  is  long  and  unites  with 
that  of  the  testis,  c,  some 
way  before  the  latter  ter- 
minates in  the  urethra. 

The  prostate,  d,  is  large 
and  compact.  The  rem- 
nant of  the  protometra, 
b,  resembles  the  ‘ sinus 
prostaticuB  ’ or  third  lobe 
of  the  prostate  in  Man. 

Cowper’s  glands  are  ap- 
plied to  the  back  part  of 
the  urethral  bulb.  The  ac- 
celeratores  muscles  sur- 
rounding the  bulb  do  not  advance  between  the  erectores  penis : 
these  arise  from  the  sclerous  covering  of  the  crura  corporis  caver- 
nosi,  not  from  the  ischia.  Two  small  ‘levatores  penis,’  after  the 
usual  disposition  for  compressing  the  ‘ vena  dorsalis,’  terminate  in 
a tendon  inserted  into  a small  ‘ os  penis.’  In  the  Mandril  (Papio) 
the  vesicular  glands  are  so  large  as  to  appear,  invested  with 
peritoneum,  in  the  pelvis : they  consist  of  numerous  c®ca  which 
terminate  the  subdivisions  of  branches  given  off  by  one  main 
central  tube  or  duct.  The  prostate,  also,  is  partially  subdivided 
into  lobules.  The  testes,  larger  than  in  Man,  slightly  project, 
one  on  each  side  the  base  of  the  penis.  In  Apes  as  well  as 
Monkeys,  the  ‘ fraenum  preputii  ’ is  absent,  and  an  ossiculum  penis 
present.  Crisp  found  it  one-third  of  an  inch  long,  but  gristly  at 
both  ends,  in  the  Chimpanzee.' 

§ 381.  In  Bimana. — Here  the  testes  pass, 
two  or  three  months  before  birth,  into  a 
pendulous  scrotum ; the  serous  canal  of  com- 
munication becomes  obliterated,  and  the  tunica 
vaginalis  is  an  independent  short  serous  sac. 

All  the  accessory  glands  are  well  developed 
and  differentiated,  but  of  moderate  proportions. 

The  penis  is  pendulous  and  without  a bone:  spcrai»ti«<«ii.f 

1 * t * « WI  ^ dl*Di. 

the  prepuce  has  a ‘ frsenum.  Ihe  spermatozoa, 

fig.  530,  have  an  ovoid  or  almond-shaped  body,  subcompressed, 

viewed  sideways,  with  a filamentary  vibratile  appendage,  averag- 

' ccvxxit",  p.  48. 
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ing  from  to  of  an  inch  in  length.  They  are  conveye<l, 
with  the  fluid  in  which  they  move,  by  the  Bpemiducts  to  the 
beginning  of  the  urethra.  The  ducts  are  slightly  enlarged,  chiefly 

through  thickening  of  their  walls, 
near  their  tennination,  fig.  531,  J", 
as  they  pass  along  the  inner  sides 
of  the  vesicular  glands,  c ; they 
again  contract  to  communicate,  each 
with  the  duct  of  the  gland  of  its 
own  side,  at  d.  The  vesicular  gland 
is  a fusiform  multilocular  bag  about 
two  inches  in  length  and  three 
quarters  of  an  inch  in  greatest 
breadth.  The  lower  attenuated  end 
penetrates  the  prostate  between  the 
lateral,  p,  and  medial,  c,  lobes,  and 
after  joining  the  vas  deferens,  the 
common  duct  terminates  at  the  side 
of  the  urethral  depression  calletl 
‘ sinus  pocularis,’  fig.  Each 

‘ vcsicula  ’ is  invested  by  a fascia, 
on  removal  of  which,  with  some 
maceration  and  dissection,  it  is 
shown  to  consist  of  a main  tube 
w'ith,  commonly,  three  or  four  ca’cjd 
diverticular  api)endagcs.  This  tube 
has  a much  smaller  calibre  for  a 
short  distance  from  its  junction  with  the  vas  deferens  than  else- 
where. The  narrow  portion  is  straight,  and  is  commonly  called 
the  duct.  The  vesicular  glands  arc  found  to  contain  a glairy 
mucus,  deepening  to  a brownish  colour  soon  after  tleath,  and 
containing  stray  spermatozoa.  The  prostate,  figs.  531,  533,  p, 
is  a more  compact  glandular  body  surrounding  the  neck  of  the 
bladder  and  beginning  of  the  urethra,  deriving  its  name  from 
its  jK>sition  in  front  of  the  vesicular  glands.  It  is  surroiinde<I 
by  a dense  fascia,  which  adheres  firmly  to  the  glandular  sub- 
stance. This  is  of  a lightish  brown  colour,  and  very  firm  texture. 
It  forms  two  lateral  lobes,  of  an  ovoid  shape,  between  which 
is  a small  middle  lobe.  It  is  com]M>sed  of  minute  canals  with 
blind  follicular  beginnings,  which  unite  together  to  fonn  ducts, 
opening  in  an  obli(|uc  manner  on  the  prost.atic  portion  of  the 
urethra.  Their  orifices  are  situated  around  the  most  elevated 
jK)rtion  of  the  verumontanum,  in  the  form  of  a crescent,  fig. 

The  depression,  or  ‘ sinus,’  in  front  of  this  valvular 
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fold  receives  the  combined  vesicular  and  seminal  ducts,  g,  g.  A 
small  style  passed  into  it,  as  at /,  penetrates  a pyriform  sac  in  the 
middle  lobe  of  the  prostate,  which  is  the  rem- 
nant of  the  protometra:  it  is  exposed  by 
removal  of  the  glandular  covering,  at  e,  fig. 

533.  Cowper’s  glands  are  rounded  bodies, 
about  the  size  of  an  ordinary  pea ; of  a solid 
texture,  a palish  red  colour,  and  conglomerate. 

The  lobules  are  connected  together  by  areolar 
tissue,  and  are  surrounded  by  a fibrous  cap- 
sule : they  are  composed  of  elongate  follicles, 
from  the  fiftieth  to  the  twenty-fifth  of  a line 
in  length,  and  about  the  thirty-sixth  of  a line 
in  breadth.  Their  slender  ducts,  of  about  the  eighteenth  or  six- 
teenth of  a line  in  diameter,  usually  coalesce  into  a single  excre- 
tory duct.  The  ducts  of  each  gland  run  parallel  for  the  distance 
of  half  an  inch  beneath  the  mu- 
cous membrane  of  the  bulb,  and 
approaching  each  other,  they 
pierce  the  urethra  by  two  ex- 
ceedingly minute  orifices. 

The  penis  consists  of  the  erec- 
tile tissues  called  ‘ corpora  caver- 
nosa ’ and  ‘ corpus  8i>ongiosum,’ 
the  latter  inclosing  the  urethra 
and  expanding  at  its  hind  end 
into  the  ‘bulb’  and  at  its  fore 
end  into  the  ‘ glans.  ’ The 
‘ corpus  cavernosum’  forms  in 
Man  more  than  two-thirds  of 
the  bulk  of  the  penis:  it  is  a 
lengthened  subdepressed  cy- 
linder, with  a median  groove 
both  above  and  below;  the  upper 
groove  lodging  the  dorsal  vein, 
arteries,  and  nerves,  and  the 
under  one  the  corpus  spongio- 
sum. Anteriorly  the  corpus 
cavernosum  terminates  in  an  ob- 
long and  rounded  extremity, 
which  is  received  into  a depres- 
sion on  the  posterior  surface  of  the  glans ; posteriorly  it  is  at- 
tached to  the  ischiopubic  rami  by  its  two  crura ; and  above  it 
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is  connected  to  the  symphysis  pubis  by  means  of  a strong  tri- 
an^^ular  fascia,  the  ‘ ligamentum  suspensorium  j>enis.’ 

The  ‘ coq>us  cavernosum  ’ is  composed  of  a cellular  structure 
enclosed  in  a strong  sclerous  tunic,  from  the  inner  surface  of 
which  are  given  off  numerous  bands,  * trabecul®,’  which  converge 
towanls  the  middle  line  of  the  inferior  wall;  they  are  most 
abundant  in  the  middle  line  of  the  organ,  where  they  form  a 
septum  between  the  two  lateral  halves  of  the  corpus  cavernosum: 
but  this  becomes  incomplete  or  ‘ pectinate  ’ anteriorly.  The 
so-called  cellular  structure  of  the  corj)us  cavernosum  consists  of  a 
plexus  of  dilated  and  freely  intercommunicating  veins,  the  inter- 
8|)accs  of  which  are  occupied  by  contractile  tissue:  the  fibres 
being  unstriped  and  with  a general  arrangement  transversely  to 
the  axis  of  the  penis. 

Besides  the  ‘ erectores  penis  ’ and  ‘ acceleratores  urina;,’  there  is 
a remnant  of  the  ‘ levatores  penis  ’ reduced  to  the  function  of 
‘ compressores  venas  dorsalis and  occasionally  a small  fan-shaped 
muscle,  ‘ ischio-bulbosus,’  may  be  defined  in  the  inters|>ace 
between  the  bulb  and  crura  penis,  having  a slender  attachineiit 
to  each  ischium,  and  expanding  uj)on  the  bulb.  The  prepuce 
is  connected  to  the  glans  on  its  under  part  by  means  of  a narrow 
fold,  with  some  sclerous  tissue,  termed  the  ‘ frsenuni  pneputii.’ 
At  the  base  of  the  prepuce,  where  it  is  reflected  over  the  glans, 
open  the  small  lenticular  representatives,  called  ‘ glandulse 
odorifera:,’  of  the  preputial  follicles  of  lower  Mammals. 


534 


B.  FEMALE  ORGANS  OF  MAMMALS. 

The  ovaries  retain,  as  in  lower  Vertebrates,  their  abdominal  po- 
sition; but  are  relatively  small  in  Mam- 
malia, and  consist  of  a dense  areolar 
‘ stroma,’  which,  with  the  ovisacs  therein 
develojwd,  is  inclosed  in  a firm  sclerous 
‘ tunica  albuginea,’  fig.  534,  a.  The 
alxluminal  aperture  of  the  oviduct  is 
wide,  and,  as  a rule,  ‘ fimbriate;’  but 
the  canal  quickly  contracts,  usually  to 
a diameter  like  that  of  the  sj>ermduct, 
and,  after  a certain  course,  suddenly 
ex|)nnds,  or  oj)ens,  into  a ‘ uterus.’  This 
may  remain  distinct  from  its  fellow  ; 
but  a prevalent  mammalian  characteristic  is  a blending  of  the 
uteri,  to  terminate  by  one  valvular  orifice  in  a ‘ vagina;’  the  con- 
fluence extending,  by  degrees,  in  different  species,  until  a single 
uterus  results.  The  vagina,  ns  a rule,  is  single,  and  usually 
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terminates  by  a ‘ vulva  ’ distinct  from  the  vent.  The  ‘ clitoris  ’ is 
single.  The  variations  in  the  efferent  and  subordinate  j)arts  of 
the  female  organs  are  greater  and  more  numerous  in  Mammals 
than  in  other  Vertebrates,  and  with  female  sexual  organs  are 
associated  functional  mammary  glands:  marsupial  {wuches  arc 
8U]>eradded  in  most  Lyencephala. 

§ 382.  In  Monotremuta. — The  female  organs  here  consist  of 
two  ovaria,  the  right  much  smaller  than  the  left,  two  oviducts, 
two  uteri,  an  urogenital  passage,  and  a clitoris. 

The  ovaria  correspond  in  situation  and  surrounding  attachments 
with  the  testes  in  the  male ; and  the  oviducts  and  uteri  exhibit 
in  their  closely  convoluted  disposition  an  analogy  with  the  sperm- 
ducts. 

The  left  ovary,  fig.  535,  f,  is  an  irregular,  semi-elliptical, 
flattened  body,  with  a wrinkled  and  granulate  surface  in  the  un- 
excited state ; but  becomes  thicker,  with  the  surface  studded 
by  elevations  formed  by  the  ovisacs  in  different  stages  of  develop- 
ment, at  the  season  of  sexual  excitement.  At  this  period  usually 
two  ovisacs,  as  in  the  figure,  are  conspicuously  larger  than  the 
rest,  and  present  each  a diameter  of  about  two  lines.  The  right 
ovary, y*,  is  a narrow,  thin,  generally  elongated  body  ; sometimes 
broader,  with  a finely  granulated  surface.  It  is  often  scarcely  to 
be  distinguished  from  the  ovarian  ligament  to  which  it  is  attached. 
This  ligament,  i,  i,  arises  from  the  posterior  parietes  of  the 
abdomen,  bebind  and  a little  on  the  outer  side  of  the  kidney,  and 
I>asses  along  the  edge  of  the  broad  ligament  to  the  fallopian  ex- 
tremity of  the  oviduct,  where  it  divides  into  two  ; one  portion  is 
attached  to  the  side  of  the  ovary,  the  other  to  the  posterior 
margin  of  the  fallopian  orifice:  after  a course  of  an  inch  they 
again  unite,  and  the  ligament  is  continued  along  the  anterior 
part  of  the  uterus  to  its  cervix,  where  it  is  insensibly  lost.  The 
two  separated  portions  of  the  ligament  support  a large  pouch  of 
peritoneum,  which  forms  the  ovarian  capsule  ; the  wide  anterior 
orifice  of  the  oviduct  is  also,  by  means  of  this  ligament,  prevented 
from  being  drawn  away  from  the  ovary. 

The  efferent  canal  of  the  ovarian  products  is  divisible  into  an 
oviduct  or  fallopian  tube,  tf,  and  an  uterus,  d.  The  size  of  the 
latter  is  nearly  equal  on  both  sides,  but  the  right  oviduct  is  much 
shorter  than  the  left,  and  corresponds  with  the  abortive  condition 
of  the  ovary.  The  external  serous  coat  of  the  oviduct  is  loosely 
connected  to  the  muscular  coat  by  filamentary  processes  of  areolar 
tissue,  among  which  numerous  tortuous  vessels  ramify.  The  mus- 
cular coat  is  thin  and  compact,  and  is  most  readily  demonstrable 


Digitized  by  Google 


n,  n«Aral  onilrt, 

6,  4'<mimon  Ti'MlItulr. 
r,  raiial. 

f*.  It*  ^•|•hlnftor. 
rf,  rtrrw*. 

d'. 

<•,  ttvarlaii  apcrtarr. 


/.  T^ff  orarr. 

/*«  Ricbc  orarjr. 

<.  OrarUn 

k,  rriitary  blaiirr. 

l.  rrptrr. 

0»  ut«rf. 


ANATOMY  OF  VERTEBRATES. 

535 


Female  orfran*  r>f  ^mcration.  nataral  *ite,  Ornlihorhrnrhn*.  lxxti. 


% 


Digitized  by  Google 


FEMALE  ORGANS  OF  MONOTRE51ATA. 


679 


in  the  uterus.  The  raucous  coat  is  thin  and  smooth  in  the  ovi- 
duct ; it  is  thick,  soft,  plicated,  but  not  villous,  in  the  uterus. 

'J'he  left  uterus  in  a female  with  a large  ovary,  shot  in  the 
month  of  .September,  was  two  inches  long,  from  four  to  five  lines 
in  diameter,  and  about  a line  thick  in  its  parietes ; it  became  sud- 
denly contracted  and  thinner  in  its  coats  to  form  the  oviduct, 
which  ])rescnted  a diameter  of  about  two  lines,  slightly  enlarging 
to  within  an  inch  of  the  extremity,  which  forms  a wide  mem- 
branous pouch,  (!"  opening  into  the  capsule  of  the  ovary  by  an 
oblong  orifice  or  slit,  e,  of  eight  lines  in  extent.  The  edges  of 
this  orifice  were  entire  as  in  the  oviducts  of  Reptiles,  not  in- 
dented as  in  the  fimbriated  extremity  of  the  Fallopian  tube  in 
higher  Mammals.  The  entire  length  of  the  oviduct  and  uterine 
tube,  when  dctachetl  from  their  connections  with  the  mesometry, 
was  nine  inches.  The  right  uterus  and  oviduct  of  the  same 
specimen  exhibited  similar  differences  in  diameter  and  structure, 
but  was  shorter,  measuring  only  six  inches  in  length. 

The  thickened  parietes  of  the  uterine  tube  depends  chiefly 
on  an  increase  of  the  inner  membrane,  which,  at  the  cervix  uteri, 
presents  deep  and  close-set  furrows : these,  as  the  canal  widens, 
are  gradually  lost,  and  the  surface  becomes  more  or  less  smooth. 
In  the  oviduct,  the  inner  surface  is  smooth  on  leaving  the  uterus, 
then  becomes  finely  reticulate,  and  in  the  terminal  dilated  part 
becomes  again  smooth.  The  cervix  uteri  makes  a valvular  pro- 
jection analogous  to  an  os  tineas  on  each  side  of  the  commence- 
ment of  the  urogenital  canal,  just  beyond  the  orifice  of  the  urinary 
bladder.  There  are  two  orifices  on  each  of  these  prominences : 
the  lower  one  is  the  terminatioti  of  the  ureter — a bristle  is  repre- 
sented as  passing  through  it  in  fig.  535 ; the  upper  or  anterior 
orifice  is  the  os  uteri,  m.  In  young  or  virgin  Ornithorhynchl 
this  orifice  forms  scarcely  any  projection  into  the  urogenital 
canal,  and  it  is  divided  by  a narrow  septum.  The  urogenital 
canal,  c,  is  one  inch  and  a half  long,  and  three  or  four  lines  in 
diameter,  but  capable  of  being  dilated  to  as  great  an  extent  pro- 
bably as  the  pelvis  will  admit  of ; the  diameter  of  the  bony 
pass.'ige  being  seven-tenths  of  an  inch.  It  is  invested  with  a 
muscular  coat,  the  external  fibres  of  which  are  longitudinal ; the 
internal,  circular.  The  inner  membrane  of  this  partis  disjMjsed  in 
longitudinal  rugas  more  or  less  marked,  but  presents  as  little  the 
character  of  a secreting  membrane  as  that  of  the  vestibule,  being 
smooth  and  shining ; the  orifices  of  a few  minute  follicles  are 
situated  in  the  interstices  of  the  rugas  near  the  orifice  of  the 
urinary  bladder. 
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The  common  vestibule,  b,  is  about  one  inch  four  lines  in  lenjrth, 
and  varies  from  half  an  inch  to  an  inch  in  diameter:  it  is  lined  by 
a dark-coloured  ejnthelium.  The  rectum  opens  freely  into  it 
jHjsteriorly,  as  indicated  by  the  ])robe  b'.  On  the  sternal  aspect  of 
the  vestibule  there  are  a series  of  longitudinal  fibres,  which  ex- 
tend from  its  external  orifice  to  that  of  the  urogenital  cavity, 
the  office  of  which  is  to  ap])roximate  these  orifices ; and  in  this 
action  certain  oblique  fibres  assist,  while  at  the  same  time  they 
close  the  rectum. 

On  the  sternal  aspect  of  the  urogenital  canal,  and  close  to 
where  it  joins  the  vestibule,  the  clitoris  is  situated,  which  is  con- 
sciiuently  about  an  inch  and  a half  distant  from  the  external 
orifice  of  the  vestibule.  It  is  inclosed  in  a sheath  upwards  of  an 
inch  in  length,  and  ala>ut  two  lines  in  diameter,  of  a white  fibrous 
texture,  and  with  a smooth  internal  surface,  and  this  sheath  com- 
municates with  the  vestibule  about  a line  from  the  external 
aperture.  The  clitoris  itself  is  a little  flattened  body  shaped  like 
a heart  on  playing  cards ; it  is  about  three  lines  long,  and  two 
lines  in  diameter  at  its  dilated  extremity,  where  the  mesial  notch 
indicates  its  correspondence  of  form  with  the  bifurcated  j)cnis  of 
the  male. 

At  the  base  of  the  clitoris  are  two  small  round  flattened  glands, 
the  homotypes  of  Cowper’s  glands  in  the  male,  which  open  into 
the  sheath  or  preputium  clitoridis. 

§ 383.  In  Morsupiulia. — In  this  order  the  female  organs  consist 
of  two  ovaries,  two  oviducts  or  fallopian  tubes,  two  uteri,  two 
vagin®,  an  urogenital  canal,  and  a clitoris. 

The  ovaries  are  small  and  simple  in  the  uniparous  Kangaro«>s, 
fig.  538,  n,  a' ; tubcrculate  and  relatively  larger  in  the  multi- 
parous 0|K)8sum8,  presenting  the  largest  size  and  most  compli- 
cated form  in  the  Wombat,  fig.  536.  In  Macropus  thev  are 
loilged  within  the  expanded  orifice  of  the  oviduct,  or  ‘pavilion,’ 
near  the  upper  or  anterior  extremities  of  its  two  principal 
lobes.  These  are  of  considerable  extent,  and  their  internal  sur- 
face, which  is  highly  vascular,  is  beset  with  rug®  and  papilla*. 
In  the  Dasyures  and  Petaurists  the  ovaries  are  ellij>tical,  sub- 
compressed, and  smooth.  In  the  Virginian  Ojwssum  the  ovarv 
consists  of  a lax  stroma  remarkable  for  the  number  of  ovisacs 
imbedded  in  it,  the  largest  of  wbicli  arc  the  most  superficial,  and 
give  rise  to  the  tubercular  ])rojections  on  the  surface.  In  the 
Wombat,  fig.  536,  each  ovary,  besides  being  lodged  in  the  jia- 
vilion,  as  in  the  Kangaroo,  is  inclosed  with  the  pavilion  in  a ■ 
peritoneal  capsule : it  is  botryoidal  in  form,  resembling  the 
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ovarium  of  the  bird.  Numerous  ovis.ics  in  different  stages  of 
growth  project  from  the  surface,  the  largest  presenting  a diameter 
of  eight  lines,  fig.  536,  a ; but  the  structure  of  the.se  ovisacs,  the 
character  of  the  stroma  in  which  they  are  imbedded,  and  the 
dense  albugineous  tunic  by  which  they  are  inclosed,  bespeak 
their  strictly  mammalian  type.  The  oviducts  contract,  beyond  the 
pavilion,  6,  to  a greater 
degree  than  in  Mono- 
tremes,  and  both  by 
their  slenderness  and 
the  thickness  of  their 
coats  more  nearly  re- 
semble the  spemiducts ; 
they  have,  also,  usually 
a more  or  less  tortuous 
course,  as  shown  in  the 
Opossum,  fig.  537,  and 
Kangaroo,  fig.  538,  b,  b. 

Their  expansion  into 
‘ uteri  ’ is  more  gradual 
than  in  higher  Mam- 
mals. The  uteri  are  fusi- 
form, relatively  longer 
in  multiparous,  fig.  537, 
than  in  uniparous,  fig. 

538,  species.  The  mus- 
cular coat  is  of  moderate 
thickness,  exceeded  by 
the  innermost,  owing  to 
the  abundance  of  lax  areolar  and  vascular  tissue  which  supjmrts 
the  smooth  delicate  lining  membrane,  which  is  usually  thrown 
into  many  folds.  Each  uterus  communicates  with  its  own  vagina 
by  a valvular  prominence,  or  ‘ os  tincaj.’  The  vaginae  are  of 
remarkable  length  in  Marsupialia,  and  folded  or  otherwise  deve- 
loped, so  as  to  adapt  these  jmssages  to  detain  the  fcrtiis  after  it 
has  been  expelled  from  the  uterus  for  a longer  period  than  in 
other  Mammalia. 

These  complications  vary  considerably  in  the  different  mar- 
supial genera.  On  a comparison  of  the  female  organs  in  Didel- 
pki/^  dorsigera,  Petaurus pi/gmteu.i,  Petaurus  tagu(ntoides,Dasgurus 
vicerrinus,  Didelphgs  Virginiann,  Macropus  major,  and  Jli/psi- 
prgmnus  murinus,  1 find  that  the  relative  capacity  which  the 
uteri  bear  to  the  vagime  diminishes  in  the  order  in  which  the 
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above-named  species  follow,  while  the  size  of  the  external  pouch 
increases  in  the  same  ratio. 

In  Didelpkt/s  dorsigera  the  uteri,  fig.  537,  c,  c,  rather  exceed 
the  unfoldcKl  vagina;  in  length.  Each  vaginal  tube,  e,  e,  after 
embracing  the  os  tinea;,  d,  is  immediately  continued  upward  and 
outward,  then  bends  downward  and  inward,  and,  after  a second 

bend  upward,  descends  by 
the  side  of  the  opposite  tube 
to  tenninate  parallel  with 
the  urethra,  h,  in  the  com- 
mon or  urogenital  passage, 
y,‘  In  Petaurus  the  vagi- 
na;, when  unfolded,  are  a 
little  longer  than  the  uteri : 
they  descend  close  together 
half-way  toward  the  uroge- 
nital passage,  and  there 
terminate  blindly  without 
intercommunication.  From 
the  upper  part  of  those  culs- 
de-sac  the  vagina;  are  con- 
tinued ujjward  and  outward, 
forming  a curve,  like  the 
handles  of  a vase,  then 
descend,  converge,  and  ter- 
minate close  together,  as  in 
the  prece<ling  example.’  In 
Dasynrua  viverrinus  and 
enls-de-sac  of  the  vaginae 
descend  to  the  urogenital  passage,  and  are  connected  to  it,  but 
do  not  communicate  with  it  or  with  one  another:  each  canal  is. 
then,  continued  outward  from  the  upper  end  of  the  cul-de-sac, 
and,  forming  the  usual  curve,  terminates  parallel  to  the  orifice 
of  the  urethra.  The  vagina;  in  the  Dasyures  are  sm.aller  in  pro- 
portion to  the  uteri  than  in  the  Virginian  Opossum,  but  of  a 
similar  form.* 

In  the  Wombat  (Phasmln/ni/s)  each  uterus  communicates  with 
a separate  and  large  vaginal  cul-de-sac,  the  lining  membrane  of 
which  is  increased  by  irregular  rngao  and  papill.x* : the  terminal 
portion  of  each  lateral  canal  has  a thick  muscular  coat.  The 
urogenital  canal  is  lined  by  a thick  epithelium,  and  its  surface  is 

' XX.  Tol.  iv.  p.  ISI,  no.  2734  c.  ’ xx.  vol.  ix.  p.  152,  no.  2734  x. 

• XX.  Tol,  iv.  p.  iri4,  no.  2738  a. 
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broken  up  into  countless  oblique  rugae  and  coarse  papilla:,  be- 
traying a certain  regularity  in  their  arrangement : the  surface 
immediately  around  the  urethral  orifice  is  comparatively  smooth. 

In  Macropus  major  the  vagin®,  fig.  538,  e,  e , prejwnderate  in 
size  greatly  over  the  uteri  c,  c';  and,  the  septum,  </',  of  the  de- 
scending cul-de-sac  being  always  more  or  less  incomplete,  a 
single  cavity,  e,  is  thus  formed,  into  which  both  uteri  open ; but 
however  imperfect  the  septum  may  be,  it  always  intervenes  and 
preserves  its  original  relations  to  the  uterine  orifices,  d,  d.  In 
the  specimen  examined  by  me,  this  part  of  the  vagina  was  not 
continuous  by  means  of  its  proper  tissue  with  the  urogenital 
canal,  but  was  connected  thereto  by  areolar  tissue.'  In  Hal- 
maturus  Dennettii  I found  an  aperture  of  communication  be- 
tween the  median  cul-de-sac  and  the  urogenital  canal;*  and,  as 
the  same  structure  has  been  observed  in  two  other  specimens,* 
it  is  doubtless  normal,  at  least,  after  parturition.  The  fact,  how- 
ever, does  not  justify  the  conclusion  that  the  lateral  vaginal  canals 
convey  exclusively  the  semen  for  impregnation,  and  that  the 
median  canals,  which,  as  a rule,  are  closed  and  distinct  from  each 
other,  serve  only  to  transmit  the  foetus  to  the  urogenital  passage. 
In  Hi/psiprpmnus  murhius  the  type  of  construction  is  the  same 
as  in  the  great  Kangaroo,  but  the  mesial  cul-de-sac  of  the  vagina 
attains  a still  greater  development : it  not  only  reaches  down- 
ward to  the  urogenital  passage,  but  also  expands  upward  and 
outward,  dilating  into  a large  chamber,  which  extends  beyond 
tbe  uteri  in  every  direction.  From  the  sides  of  this  chamber  the 
separate<l  portions  of  the  vagina  continue  downward,  to  terminate, 
as  usual,  in  the  urogenital  canal. 

In  Perameles  obesula  the  uteri  are  wider  in  proportion  to  their 
Icnjrth  than  in  the  Kangaroos.  Each  communicates  with  a 
vagina,  expanding  into  a c®cum  with  semitransparent  walls,  and 
greatly  surpassing  the  uteri  in  size  : the  c«ca  suddenly  contract 
near  the  ora  tine®,  to  form  long  and  slender  vaginal  canals,  which 
converge,  but  terminate  separately  near  the  vulva.  The  urethra 
is  of  corresponding  length  and  tenuity  ; its  orifice  is  near  those 
of  the  vagina,  the  urogenital  passage  ha^-ing  the  least  extent 
in  this  genus  of  Marsitpialia. 

In  all,  the  structure  of  the  uteri  is  distinct  from  that  of  the 
vagin®.  The  muscular  tunic  of  the  uteri  is  thicker,  and  consists 
of  an  outer  stratum  of  longitudinal  fibres,  and  an  inner  one  of 

' RpmoTod  by  dissection  in  the  prepsnition,  xx.  toI.  iv,  p.  157,  No.  2740  c,  aa  in 
that  from  which  fig.  338  was  taken.  * ccxi.iii".  p.  106. 

• ccxlit".  p.  599,  and  ccxi.V'.  p.  140. 


Digitized  by  Cooglc 


C84 


538 


a.  Itlutit  «vnriuin. 

tt’,  l-fft  •*'i»rUiiii,wUli  r«»r|'it4 
Illlt'UIII. 
fc,  Ovt<llU'l». 

<■.  Kitfiii 

e\  iii-Tus,  lmi>rc8uait«J. 

It,  liiii  a*. 

r,  V4jjl11.1l 


I 

f*.  VMinal  fiutftl*. 

K-ptum. 

/,  Conufiftifyinmt  uf 
griilul  aitwl. 

(,  Ctiorton  uf  firtM,  ' 

I;.  rinUlllcai  cord.  1 

*•,  LlgmmcnU  of  tbe  otcfw.  , 


Female  orgio*,  Jfncroyiis  J/ttjur.  XXX'. 


Digitized  by  Coogle 


FEMALE  ORGANS  OF  MAKSUPIALIA. 


689 


circular  fibres.  The  lining  is  well  organised,  not  deciduous : it  is 
soft,  and  disposed  in  many  irregular  folds,  but,  when  these  are 
effaced,  has  a smooth  surface : this  is  a distinct  but  delicate  layer 
with  minute  pores,  and  is  connected  to  the  muscular  coat  by 
an  abundant  tissue,  consisting  of  fine  lamella;  stretched  trans- 
versely between  the  muscular  layer  and  the  smooth  membrane, 
the  whole  being  of  a pulpy  consistence  and  highly  vascular, 
especially  in  the  impregnated  state.  The  vaginae  are  lined  with 
a layer  of  epithelium,  which  is  readily  detachable,  even  from  the 
middle  cul-de-sac.  The  inner  surface  of  the  culs-de-sac  in  the 
Opossum  is  smooth,  but  in  the  lower  part  of  the  single  cavity  in 
the  Kangaroo  and  Potoroo  it  presents  a reticulate  structure. 
The  lining  membrane  in  the  lateral  canals  in  all  the  genera  is 
dis]K)sed  in  regular  longitudinal  folds,  a disposition  which  cha- 
racterises the  true  vagina  in  most.  In  the  Kangaroo,  as  in  the 
other  Marsupialia,  the  lateral  canals  communicate  with  the 
common  or  urethro-sexual  cavity  without  making  a projection; 
but  at  the  distance  of  three-fourths  of  an  inch  from  their  termina- 
tion there  is  a sudden  contraction,  with  a small  valvular  projec- 
tion in  each,  fig.  538,  n,  n.  By  those  wlio  consider  the  cul-<le- 
sac  and  lateral  canals  as  a modification  of  the  corpus  uteri,  these 
projections  may  be  regarded  as  severally  representing  an  os  tinea:; 
but  they  do  not  exist  in  the  Opossums  and  Petaurists,  in  which 
there  is  simply  a contraction  of  the  vaginal  canals  at  the  corre- 
sponding part ; and  in  both  these  and  the  Kangaroo,  the  true  uteri 
open  in  the  characteristic  valvular  manner,  rf,d,  without  the  slight- 
est appearance  of  a gradual  blending  with  the  median  cul-de-sac. 

The  clitoris  is  situated  in  a 
preputial  recess  near  the  out- 
let of  the  urogenital  passage  : 
it  is  simple  in  those  Marsu- 
pials that  have  a simple  ‘glans 
penis,’  but  is  bifid  in  those 
which  have  the  glans  divided  ; 
and  in  the  Opossum  each 
division  of  the  ‘ glans  clitori- 
dis  ’ is  grooved. 

The  marsupial  type  is  re- 
peated in  one  of  the  rarer  ano- 
malies of  the  female  organs 
in  the  Human  species : in 
which  not  only  the  uterine  cavities  are  distinct,  but  the  ‘ oa 
tincse  ’ of  each  opens  into  its  own  vagina,  fig.  539. 
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§ 384.  In  Rodentia. — This  order  offers  transitional  steps  from 
the  foregoing  type  to  the  more  common  ‘ uterus  bicomis,’  with 
single  os  tineas  and  vagina.  In  the  Biscachia  (Z,o^osr«wiMs  trieho- 
ductylns)  the  two  uteri  arc  distinct,  and  each  opens  into  a separate 
canal  formed  by  a longitudinal  septum  continued  about  one-thinl 
down  the  vagina.'  In  the  Capybara,  Sciurida;  and  LeporidtB,  the 
two  ora  tinea  of  the  separate  uteri  open  into  the  fundus  of  a 

common  vagina,  fig.540,  /i,  /. 
In  the  Beaver  there  is  one 
large  prominence,  like  an 
‘ os  tinea',’  but  the  uteri  ter- 
minate thereon  by  separate 
orifices.  In  Mnrida,  the 
Aguti,  the  Paca,  the  two 
uteri  blend  into  a short 
common  cavity,  with  one 
opening  into  the  vagina : 
they  are  connected  toge- 
ther for  some  extent  beyond 
the  confluent  cavities,  or 
true  ‘ corpus  uteri.’  The 
ovaries,  which  are  elongat- 
ed, subcompressed,  and  with 
an  even  exterior,  in  the  unexcited  state,  fig.  540,  k,  /,  become 
botryoidal  when  the  ovisacs  are  developed  with  ripe  ova,  fig. 
772,  A,  a,  a. 

In  the  Beaver  the  ‘pavilions’  are  small  and  simple : upon  these 
the  oviducts  are  obliquely  folded ; the  uteri  are  long,  straight,  and 
of  uniform  slender  diameter  when  unimpregnated.  The  os  tineas 
is  followed  by  a series  of  irregular  flat  processes,  which  project 
from  the  fore  part  of  the  vagina,  gradually  becoming  smaller. 
The  urethra  communicates  with  the  vagina  near  its  distal  end  : 
the  clitoris  projects  from  a notch  just  beyond  the  urethra ; and  in 
front  of  the  clitoris  is  the  wide  aperture  common  to  the  two 
large  preputial  or  ‘ castor  ’ bags  : there  are  also  smaller  lobulated 
ma.sses  beyond  the  bags.  In  the  Babbit  the  aircrtiire  of  the 
]>avilion,  ib.  b',  is  more  fimbriate  and  plicate  than  in  the  Beaver: 
it  is  continued  along  the  border  of  a shallow  peritoneal  capsule 
extending  from  the  further  side  of  the  ovary  to  the  border  of  the 
broad  ligament.  From  the  ovary  the  remnant  of  the  ligament  of 
the  primortlial  kidney  ascends  to  the  diaphragm.  The  oviduct, 
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il).  c,  c',  passes  outward  a short  way  beyond  the  ovary,  then  sud- 
denly bends  back  toward  the  uterus,  fx  it  is  unravelled  in  fig. 
772,  A.  The  natural  disposition  of  the  efferent  canals  in  the  un- 
iniprcgnated  state  are  shown  in  fig.  540.  The  uterine  tubes,  e,  f, 
are  united  for  a short  distance  by  areolar  and  serous  tissue  at  (f ; 
but  open  separately  into  the  vagina,  as  shown  by  the  styles,  h,  i. 
The  longitudinal  and  circular  layers  of  the  muscular  coat  are  as 
well  marked  as  in  Marsupials  ; but  the  inner  coat  has  a different 
and  lower  structure : it  is  more  homogeneous,  and  adheres  closely 
to  the  muscular  coat : its  inner  surface  is  more  or  less  wrinkled, 
and  is  minutely  [K>rous,  the  orifices  being  those  of  the  irregular 
canals  called  ‘ utricular  glands,’  exuding  fluid,  and  lined  by  the 
formified  particles  or  ‘ cells,’  which  likewise  adhere  to  the  free 
surface  of  the  uterine  lining.  This,  when  injected,  presents  a fine 
reticulate  structure,  with  a similar  disjHisition  of  the  suj)crficial 
capillaries.  Near  the  distal  end  of  the  true  vagina  are  two  small 
semilunar  folds,  with  their  concaidty  directed  toward  the  uro- 
genital p.'iss.ige.  This  is  long  in  Leporidte  and  a few  other 
Kodents:  its  commencement  is  indicated,  where  valvular  limits 
are  wanting,  by  the  opening  of  the  urethra,  ib.  d : it  terminates 
close  to  the  vent  in  all  Rodents ; and,  in  the  Hare,  on  the  same 
nude  patch  of  skin  on  each  side  of  which  is  the  glandular  bag,  q. 
The  ‘ ])reputium  clitoridis  ’ opens  just  within  the  verge  of  the 
urogenital  outlet : the  clitoris  commences  by  two  crura,  and  ter- 
minates by  a flattened  bifid  glans.  In  the  Capybara  the  urethra 
terminates  close  to  the  vulva,  and  a groove  is  continued  to  the 
j>rcputium  clitoridis,  which  projects  externally.  In  many  Ro- 
dents {Arvicola,  Laqostomus,  Bathyergus)  the  clitoris  is  per- 
forated by  the  urethral  canal.  In  the  Squirrel  the  vulva  is  a 
longitudinal  slit  uix>n  a conical  prominence  or  ‘peak:’  in  the 
Porcupine  the  vulva  is  a thick  semilunar  prominence,  puckered 
up  internally  into  longitudinal  folds,  and  opening  immediately 
below  the  vent.  The  urethra  and  preputium  clitoridis  are  close 
to  the  vaginal  outlet. 

The  human  uterus  repeats,  as  an  anomaly,  the  grade  of  con- 
centrative  development  attained  by  those  Rodents  in  which 
a short  common  cavity  or  ‘ corpus  ’ intervenes  between  the 
cornua  and  the  vagina,  as  in  the  instance,  fig.  541,  given  by 
Akthlk  Fauue  in  his  masterly  Article  ‘ On  the  Uterus  and 
its  Appendages.' 

§ 385.  In  Insectivora. — In  some  of  these  Lissencephala,  as  in 
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some  Itodentia,  the  clitoris  projects  externally  to  the  vulva,  and 
is  perforated  by  the  urethral  canal.  The  Mole,  which  exemplifies 

this  structure,  fig.  542,  r, 
also  shows  a complete  clo- 
sure of  the  vaginal  orifice 
in  the  virgin  state,  ib.  1 
the  vulva  afterwards,  ib.  2, 
intervening,  at  n,  between 
the  clitoris,  c,  and  the  pro- 
minent vent,  below  the 
letter  n.  The  canals,  seve- 
rally continued  from  these 
apertures,  viz.  rectum,  va- 
gina, and  urethra,  are  all 
anterior  to  the  pubic  bones, 
consequently  outside  the 
pelvis.  There  is  no  valvular  or  other  distinction  between  the 
vagina  and  corjius  uteri : a long,  somewhat  tortuous,  subdepressed 
utcro-vaginal  canal  extends  into  the  ab- 
domen to  terminate  in  the  cornua  uteri  : 
these  are  cylindrical  tubes,  and  describe 
three  abrupt  curves,  on  quitting  the 
corpus  uteri,  at  right  angles  therewith. 
The  ovaries  arc  commonly  found  with  a 
tubcrculate  exterior,  and  are  inclosed  in 
an  almost  complete  peritoneal  capule. 
The  oviduct  pursues  a wavy  course  along 
this  capsule  to  the  uterine  ‘horn.’  The  ovarian  ligament,  com- 
mencing near  the  diaphragm,  descends  external  to  the  kidney, 
carrying  before  it  a peritoneal  fold.  The  uterine  ligament  is 
continued  from  the  end  of  the  ‘ cornu,’  and  runs  along  the  pos- 
terior edge  of  a continuation  of  the  same  fold,  or  ‘ mesometry,’  to 
the  part  answering  to  the  abdomintil  ring  in  the  male. 

The  Shrews  closely  resemble  the  Moles  in  their  female  organs : 
there  is  the  same  absence  of  os  tineas  and  a corresponding  length  of 
utcro-vaginal  canal  from  which  the  cornua,  fig.  389,  r(,arch  away 
at  a right  angle.  In  the  impregnated  specimen  figured,  the  com- 
mencing embryos  were  lodged  in  ctecal  dilatations  of  the  cornua. 
In  the  great-snouted  HUrevr  {lilit/iichocyon),  the  ovaria,  fig.  543,  x, 
arc  placed  each  near  the  orifice,  o,  of  a large  peritoneal  capsule, 
bordered  by  the  oviduct,  t,  which  slightly  enlarges  towards  the 
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items.  This  commences  by  a bifid  expansion,  and  is  continued 
v-ithout  constriction  or  distinction  into  a wide  vagina  with 
TiterlockinjT  transverse  folds  at  its  uterine  half.  In  Tupaia 
lie  clitoris  is  long  but  is  merely  grooved,  the  groove  being 
jontinued  to  the  urethral  ojiening  just  within  the  vulva.  The 
uterine  cornua  are  short.  In  the 
I letlgehog  the  clitoris  projects  from 
a.  prepuce  into  a urogenital  pas- 
sage of  an  inch  in  length,  niid- 
■\vay  between  the  vulva  and  the 
urethra  : here  a slight  constriction 
marks  the  boundary  of  the  proper 
vagina.  This  canal  soon  becomes 
rugous  ; the  ruga;  are  nearlj'  trans- 
verse, increasing  in  breadth,  and  in- 
terlocking near  the  os  tinea;,  which 
seems  to  terminate  the  scries.  The 
body  of  the  uterus  is  about  half  an 
inch  in  length ; the  connia  not 
much  more.  The  ovary  is  tuber- 
culate  and  furrowed ; its  perito- 
neal capsule  is  large,  with  a small 
orifice  near  the  tennination  of  the 
oviduct  in  the  uterus.  The  ovaria 
are  large  and  clustered,  and  the 
uterine  cornua  long,  in  the  multi- 
parous Tenrec  ( Centetes)','  the  va- 

* , , . ' , Fcoule  orpuia»  Rkfiukoe^iyn.  axiir*. 

gina  has  the  transverse  alternating 
folds  at  the  uterine  half  of  the  canal. 

In  the  Bats  the  uterus  has  two  very  short  horns:  the  long 
coqius  uteri  opens  by  an  os  tinea;  into  the  vagina : in  Ptrmpus 
the  vagina  extends  into  a cul-de  sac  beyond  the  os  tinea;. 

§ .386.  In  liruta. — The  absence  of  the  valvular  or  mechanical 
limit  between  uterus  and  vagina,  noticed  in  certain  Insectivora,  is 
an  inferior  character  repeated  in  the  present  order  of  Lissen- 
crpUala.  In  the  Armadillos  [Dasppus  Prha,  c.g.)  the  uterine 
walls  gradually  become  thinner,  the  epithelium  denser  and 
smoother,  and  longitudinal  furrows  finally  denote  the  vagina, 

‘ CM* the  two  Bpccimf^ns  of  Centefe*  eefoMUs  tninsmilU-d  to  ine  by  the  H«»n.  W.  R. 
Rawjion,  Treasurer  of  the  Mauritius,  one  Iwd  brought  forth  twenty  young;  he  had 
known  an  in.stance  of  twenty-two  at  a birth,  the  more  usual  numWr  bi*ing  twelve  to 
eiKhteeD.  1 added  dissections  of  the  feetus  to  the  Hunterian  Series  under  the 
No.  3677.  A.  to  (show  the  close  aualog)*  in  form  aud  structure  of  the  male  and  female 
onrans  at  that  period. 
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which  opens  into  a wide  urethra  about  an  inch  from  the  end  of 
the  clitoris,  the  proove  of  which  is  continued  from  the  urethra. 
The  usual  subordinate  relations  of  urethral  and  vaginal  cunals  i 
are  here  reversed.  The  clitoris  in  Dasi/pux  6-cim-tus  Ls  longer 
than  in  the  9-banded  species,  measuring  nine  lines  in  the  un- 
erect state : it  is  of  a pointed  form,  covered  with  a leaden-coloured 
integument,  and  situated  an  inch  anterior  to  the  anus : the  vulva 
is  placed  on  an  eminence.  From  this  orifice  the  urogenital  canal 
extends  eight  lines,  receiving  the  vagina  by  a transverse  semilunar 
slit,  and  being  then  continued  for  five  lines  further  without  any 
diminution  of  diameter,  and  terminating  in  the  form  of  a cul-de- 
sac,  into  which  the  urethra  opens  by  a very  small  orifice.  In 
Das.  Peha,  the  urogenital  cavity  is  not  separated  by  a corre- 
s[K)uding  contraction  from  the  urinary  bladder,  but  is  a more 
direct  continuation  of  it.  In  this  Armadillo  the  uterus  is  un- 
divided ; it  expands  to  the  fundus,  which  .again  contracts  to  a 
point,  the  oviducts  being  continued  from  the  sides  of  the  fundus: 
in  Dasi/pus  G-cinctus  the  uterus  is  triangular,  the  fundus  expand- 
ing into  slightly  i)roduccd  angles,  from  which  the  oviducts  are 
continued.  These,  in  both  species,  wind  round  the  j>eritoncal 
capsules  of  the  ovarie.s,  become  tortuous,  and  terminate  by  fim- 
briate expanded  openings  directed  toward  the  ovary,  which  was 
subclongate  and  smooth  in  both  the  dissectetl  specimens. 

In  the  Ai  (Bradi/pus  fridacti/lus)  the  uterus  is  like  that  »<f 
Dastjpus  G-cinctus,  the  oviducts  being  continued  from  the  angles 
of  the  fundus : between  the  uterus  and  vagina  there  is  as 
little  distinction ; and  the  elongate  common  eanal  communi- 
cates (in  the  young  Sloth)  by  two  apertures  with  a short  and 
wide  urogenital  pa.ssage.  The  ovaria  are  smooth  elliptic  Inslies, 
with  a greater  projwrtion  of  stroma  than  in  multij>arous  Lissrn- 
ccphala:  the  oviducts,  commencing  by  fimbriate  apertures  U]ion 
the  anterior  edge  of  the  capsule,  jmrsue  a serpentine  course  in 
that  peritonc.!!  fold  to  the  fundus  uteri.  The  ovarian  ligaments 
are  continued  each  along  the  margin  of  a peritoneal  fold  iipwanl 
to  the  diaphragm,  and  downward  to  an  oval  ‘ parovarium,’  or 
remnant — of  unusual  size — of  the  ‘Wolffian  bo<ly’:  the  un- 
oblitcrated  termination  of  its  duct  opens,  as  in  most  l.isscncrphata, 
on  each  side  the  urogenital  passage,  here  very  short.  In  the 
Unau  {liradppns  didnetylus)  the  rudiment  of  an  uterine  septum 
ap|>ears  as  a longitudinal  ridge  from  the  inner  surface  of  the 
anterior  wall  in  the  unimpregnated  state:  in  this  species,  also, 
the  utero-vaginal  canal  commiinieates  in  the  virgin  animal  by 
two  distinct  orifices  with  the  short  urogenital  tract,  the  outlet  of 
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which  18  common  with  the  vent.  The  clitoris  is  short,  and  does 
not  project  beyond  the  cloaca]  aperture.  In  the  ^eat  Anteater 
(^Myrmecophaga  juhata)  the  vulva  and  vent  have  likewise  a com- 
mon external  cloacal  outlet. 

§ 387.  In  Cetacea. — The  ovaria  are  narrow  and  elongate,  with 
the  surface  frequently  fissured  so  as  to  appear  convoluted : the 
orifice  of  the  ‘ pavilion’  is  rarely  fimbriate,  but  the  lining  mem- 
brane is  produced  into  numerous  folds,  which  sometimes  project 
like  a short  fringe.  The  uterus  is  ‘ bicorn  ’ with  a short  body  ; 
the  lining  of  the  ‘ cornua  ’ is  longitudinally  plicate  ; the  os  tinea; 
is  prominent : the  surface  of  the  vagina  has  many  complex  trans- 
verse folds.  The  vulva  is  a longitudinal  fissure,  fig. 608,  a,  anterior 
to  the  vent,  ib.  b : its  labia  are  composed  of  soft  and  yielding  in- 
tegument not  loaded  with  oil : a short  ur«)genital  tract  is  marked 
off  by  the  entry  of  the  urethra  upon  a longitudinal  ridge  of  the 
vagina;  anterior  to  the  urethra  are  two  folds,  like  the  ‘labia 
minora,’  between  which  is  the  clitoris ; at  the  sides  of  the  uro- 
genital passage  are  the  orifices  of  ‘ Mal|iighian  canals.’  In  Bulct- 
nnptera  the  peritoneal  fold  forms  a wide  and  shallow  sac  beneath 
the  ovary  : the  oviduct  dilates  at  first,  then  contracts,  and  after  a 
short  wavy  course  is  continued  straight  to  the  corresjwnding  horn 
of  the  uterus.  The  lining  membrane  of  this  part  is  longitudinally 
plicate ; the  folds  subside  at  the  beginning  of  the  ‘ corpus  uteri,’ 
but  again  reappear,  and  are  continued  uj)on  broader  transverse  or 
circular  productions  of  the  lining.  The  third  of  these,  progres- 
sively increasing  in  depth, represents  the  ‘os  tincx:’  just  beyond 
this,  at  the  beginning  of  the  vagina,  is  a semicircular  fold,  also 
multiplicate  longitudinally : it  is  followed  by  four  other  trans- 
verse folds  progressively  increasing  in  width;  beyond  these  the 
longitudinal  plic®  gradually  subside.  In  Hgperoodon  about  ten 
oblong  processes  surround  the  entry  of  the  oviduct  into  the  ute- 
rine horn,  into  which  they  project;  the  uterine  body  presents  a 
few  large  smooth  ridges  and  obtuse  processes.  The  ‘ os  tine®  ’ is 
divided  into  five  tubercles ; about  six  inches  intervene  between 
these  and  the  first  transverse  fold  of  the  vagina ; between  these 
folds  the  membrane  is  produced  into  smaller  wavy  and  longitu- 
dinal rug®.  In  Delphinnt  delphis  and  in  Phocana  the  entry  of 
the  oviduct  into  the  uterine  horn  is  not  defended  by  processes  of 
the  lining  membrane.  The  longitudinal  and  transverse  produc- 
tions of  the  uterine  and  vaginal  inner  surfaces  resemble  those  of 
the  Whale.  The  ‘ larger  folds  of  the  vagina  apf>ear  like  a suc- 
cession of  ora  tine®.’ ' 

' XX.  Tol.  iv.  p.  17.5. 
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§ 388.  In  Sirenia, — In  both  Ilalicore  and  Rhytina  the  vapina, 
fig.  544,  o,  is  characterised  l)y  longitudinal  rugm:  the  body  of  the 


Steller  describes  tlie  clitoris  as  of  a liard  texture,  an  ineh  and  a 
half  long,  situated  at  the  anterior  broader  part  of  the  vulva,  wliieh 
is  eight  inches  anterior  to  the  anus. 

§ 389.  In  Prohoscidia. — In  a half-grown  female  Elephant 
{^Etephas  Indicits,  CfV.),  the  ovaria  are  small  oblong  luslies,  witli 
an  irregulivr  tuherculated  exterior  and  large  ]>rfiportion  of  stroma: 
the  ovarian  apertures  of  the  oviducts  arc  jirovidcd  with  numerous 
long  and  slender  branched  processes,  like  a loose  tassel.  Each 
tube  makes  a long  bend  upon  itself  around  a deep  and  narrow 
ovarian  capsule,  and  maintains  a slightly  tortuous  course  to  the 
uterus.  The  body  of  the  uterus  is  very  short ; the  ct)mua  are 
long  and  wide ; their  inner  surface  is  broken  by  a few  slight 
transverse  puckcrings  on  the  concave  side.  The  lanly  of  the 
uterus  presents  two  large  semilunar  folds,  and  the  os  tinea-  is 
represented  by  three  similar  successive  and  alternate  folds,  which 
fonn  the  boundary  between  the  uterus  and  vagina:  the  latter  is 
divided  from  the  urogenital  canal  by  a constriction,  in  which, 
viewed  from  the  urogenital  side,  there  aj>pc.ar  three  small  aper- 
tures : the  middle  one  leads  to  the  vagina ; the  lateral  ones  to 
the  mucous  sinuses,  called  ‘ canals  of  Malpighi.’  The  internal 
surface  of  the  vagina  presents  a few  slight  and  irregular  ruga- ; 
those  of  the  urcthro-scxual  canal  aft’cct  a more  regular,  and  in 
some  places  a j)enniform,  arrangement : the  urethra  terminates 
immediately  beyond  the  constriction.  The  clitoris  measures 
fifteen  inches  in  length.  The  two  crura  arc  attachc<l  to  the 
rami  of  the  os  pubis  : they  are  of  a dense  cavernous  texture,  and 
are  joined  together  to  form  the  body  of  the  clitoris : this  is  in- 
closed in  a strong  ligamentous  ca]isule.  After  the  junction  of 
the  crura  the  clitoris  descends  along  the  i)crincuni,  with  its  under 


rtcrui  of  Dugoug.  ccXLVtii". 


uterus,  c,  is  relatively 
longer  than  in  Cetacea, 
and,  in  the  young  iin- 
inipregnated  Dugong,  is 
wavy : the  cornua  di- 
verge at  right  angles,  are 
more  slender,  and  less 
arched : there  is  a well- 
dcvcloj)ed  ‘ os  tinea:.’ 
The  vulva  is  situated 
further  in  advance  of 
the  vent.  In  Rhytina 
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or  posterior  surface  applied  to  the  urogenital  canal ; two  muscles, 
answering  to  the  leratores  penis  in  the  male,  converge  and  unite 
Ti|K>n  the  upper  or  anterior  part  of  the  clitoris,  and  send  their 
common  tendon  through  a sheath  to  terminate  near  the  glans: 
this  is  composed  of  a vascular  corpus  sj>ongiosum. 

§ 390.  In  Prristodactyla.  — The  ovaria,  in  Rhinoceros  Jndicus, 
arc  included  within  a large  peritoneal  sac,  communicating  with 
the  general  abdominal  cavity  : they  are  compact,  oblong  and 
siiljcompressed.  The  oviducts  commence  by  wide  orifices,  having 
a richly  fimbriated  margin:  their  diameter  at  the  expanded  end 
crpials  two-thirds  of  an  inch,  but  they  gradually  diminish  in  size 
as  they  pass  in  a slightly  tortuous  course  along  the  parietes  of 
the  ovarian  capsule  towanls  the  uterus:  just  before  they  enter 
the  cornu  their  diameter  does  not  exceed  one-third  of  a line. 
They  tenninate  in  the  extremity  of  the  cornu  ujkui  a valvular  pro- 
tuberance about  the  size  of  a pea,  which  is  divided  into  four  or  five 
jtrocesses.  The  ‘ cornua  uteri’  are  each  seventeen  inches  in  length : 
the  ‘ corpus  uteri  ’ only  an  inch  and  a half.  The  cornua  are 
occupied  by  close-set  longitudinal  folds:  the  inner  surface  of  the 
corpus  is  smooth.  The  vagina,  about  sixteen  inches  in  length, 
is  divided  by  a constriction  from  the  urogenital  tract,  which  is 
three  inches  long.  The  upper  or  uterine  third  of  the  vagina  is 
occupied  by  broad  transverse  folds,  the  lowest  of  which  is  most 
extensive.  About  an  inch  above  this  fold,  or  nearer  the  uterus, 
a second  and  smaller  fold  is  formed,  which  also  descends  from  the 
up[H?r  and  lateral  parietes  of  the  vagina,  but  passes  across  in  an 
oblique  direction:  then  follow  in  quick  succession  a series  of 
shorter  but  e()ually  broad  semilunar  folds,  which  become  alternate 
in  their  relative  position  as  they  ajtproach  the  uterus,  so  as  to 
cause  the  cavity  of  the  vagina  to  a><sumc  a spiral  course : as 
these  valvular  folds  also  a.ssume  a thicker,  softer,  and  more 
vascular  texture,  it  is  by  no  means  easy  to  fletermine  where  the 
vagina  ends  or  the  uterus  begins.'  The  structure  resembles 
that  in  the  Tenrec  and  some  other  Lissrnrephaln.  The  urethra 
o|)en8  into  the  urogenital  passage  just  beyond  the  vaginal  con- 
striction. The  lateral  apertures  of  the  ‘Malpighian  canals’  are 
about  an  inch  and  a half  from  the  vulva  These  canals  expaid, 
and  then  divide  and  sulnlivide,  tenninating  in  blind  ends  near 
the  beginning  of  the  vagina.*  The  ‘ preputium  clitoridis  ’ and 
umgenital  canal  open  externally  by  distinct  but  apj>roximate 
narrow  elongate  orifices:  the  vulva  opens  about  five  inches  from 
the  vent. 

• r',  p,  pi.  1 8.  ’ II'.  IB,  w. 
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In  the  Tapir  the  ovaria  are  small  suhcompressed  oval  bodies, 
in  a widely  open  peritoneal  jKiuch  ; the  oviducts  have  a tortuous 
course  along  the  pouch  near  its  margin  to  the  uterine  horns, 
which  are  long,  and  longitudinally  multipHcate  within  : the  b«xly 
of  the  uterus  is  but  two  inches  long,  the  ‘ os  tinea:  ’ not  very 
prominent:  the  vagina  is  long;  a constriction  divides  it  from  the 
urogenital  passage,  which  is  short.  The  clitoris  and  Malpighian 
canals  resemble  those  of  the  Rhinoceros. 

In  the  Mare  the  ovaries,  of  an  elongate  reniform  figure,  are 
inclosed  and  concealed  in  large  peritoneal  sacculi,  fig.  574,  z,  to 
the  mouths  of  which  the  fimbriated  extremities  of  the  oviducts  are 
attached.  The  inner  surface  of  the  pavilions  are  characterised  by 
numerous  narrow,  close-set,  minutely  plicated  lamina:.  The  ovi- 
ducts have  a wavy  course  to  the  horns  of  the  uterus,  which  are  a 
little  longer  than  the  body  or  common  cavity ; short  oblique 
wavy  folds  of  the  lining  membrane,  much  developed  in  the  im- 
pregnated state,  fig.  575,  t,  project  into  the  interior : a few  similar 
folds  are  present  in  the  body  of  the  uterus,  together  with  t>thers 
which  are  broader  and  disposed  more  longitudinally  at  the  cervix. 
The  08  uteri,  ib.  /,  is  denoted  by  the  sphincteric  thickening  «>f 
the  muscular  coat  and  the  contraction  of  the  canal ; but  there 
is  little  or  no  valvular  projection  into  the  vagina.  Of  this  canal, 
k,  the  inner  surface  is  increased  by  numerous  irregular  longitu- 
dinal folds : a constriction  defines  the  vagina  from  the  urogenital 
passage,  ib.  d;  the  urethra,  ib.  e,  opens  near  the  constriction, 
behind  a rugous  prominence  or  flap,  ib.  y.  The  orifices  of  many 
follicles  are  disj)ersed  over  the  comparatively  smooth  surface  of 
the  urogenital  passage.  The  trilobate  ‘ glans  clitoridis,’  ib.  n, 
projects  from  its  preputium  close  to  the  anterior  margin  of  the 
vulva.  It  is  provided  with  ‘ crectores  ’ muscles  and  a ‘ plexus 

retiformis  the  sphincter  of  the  uro- 
genital passage  is  very  powerful.  In 
the  Filly  the  communication  of  the  va- 
gina with  the  urogenital  canal  is  «li- 
vided  by  a longitudinal  septum  or 
‘ hymen.’  The  Zebra  and  Ass  closely 
agree  with  the  Mare  in  the  structure  of 
the  female  organs. 

§391.  In  Artiodartyla.  — The  ova- 
ria of  the  Sow,  fig.  545,  are  large 
oblong  bodies  with  an  irregular  and  tuberculate  surface:  when 
the  ovisacs  enlarge,  the  stroma  is  scanty  in  pro|K>rtion.  Each  . 
ovarium  is  inclosed  within  a peritoneal  sac,  near  the  aperture  of 
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M'hich  it  has  a pedunculate  attachment.  The  posterior  wall  of  the 
sac  apf>ear8  to  he  formed  by  the  wide  and  deep  pavilion,  the 
margin  of  the  abdominal  opening  of  which  is  almost  entire ; the 
inner  surface  of  the  pavilion  is  augmented  by  many  long  but 
narrow  and  highly  vascular  folds,  which  radiate  from  the  beginning 
of  the  contracted  part  of  the  oviduct  upon  the  ex[)anded  pavilion. 
The  uterine  cornua  are  long.  The  numerous  and  irregular  pro- 
cesses and  wrinkles  which  characterise  the  inner  surface  of  the 
horns  of  the  uterus  gradually  subside  in  the  body  as  this  aj>- 
proaches  the  vagina,  and  pass  into  two  or  three  series  of  thick  and 
soft  ridges  of  the  lining  tissue.  The  os  uteri  is  denoted  by  a 
series  of  close-set,  narrow,  longitudinal  folds,  but  there  is  no  val- 
vular projection  or  ‘ os  tincaj.’  In  the  true  vagina  the  longitudinal 
folds  become  fewer,  and  gradually  subside  towanl  the  line  of  sepa- 
ration between  the  vagina  and  urogenital  passage.  The  urethra 
opens  between  two  longitudinal  ridges,  but  the  surface  both  of 
these  and  other  similar  projections  in  the  urogenital  passage  is 
bn)ken  by  numerous  fine,  wavy,  and  oblique  furrows.  The  clitoris 
projects  from  the  anterior  angle  of  the  vulval  labia.  In  the  Peccari 
the  vaginal  folds  toward  the  uterine  end  are  so  arranged  as  to  give 
a spiral  curve  to  the  canal,  like  that  in  the  Tenrec  and  Rhino- 
ceros. Usually  one  ovisac  enlarges,  at  the  heat,  in  each  ovary, 
or  there  may  be  two  in  one  ovary,  the  Peccary  producing  not 
more  than  two  at  a birth. 

In  the  uniparous  Camel  the  ovary  is  a comparatively  small  sul>- 
compressed  oval  body  with  a smooth  and  even  exterior : it  becomes 
furrowed  and  subtuberculate  in  older  sjKJcimens,  or  at  the  heat. 
The  greater  part  of  the  capsula  ovarii  appears  to  be  formed  by  the 
fimbriate  aperture  of  the  oviduct,  which  is  of  very  large  size,  and 
is  supported  by  a broad  fold  of  peritoneum ; the  pavilion  as  it  ap- 
proaches the  contracted  part  of  the  duct  has  its  inner  surface  pro- 
vided with  many  broad  parallel  folds : the  oviduct  is  disjwsed  in 
a scries  of  four  oblique  festoons,  and  is  then  continued  in  an  un- 
convoluted  course  toward  the  uterus. 

The  cornua  are  of  moderate  length,  and  describe  each  a regular 
semicircular  curve : they  have  a smooth  internal  surface,  beset  with 
utricular  pores,  without  trace  of  cotyledonal  processes.  The  corj)us 
uteri  is  short : the  cervix  is  occupied  with  a series  of  oblique  but 
nearly  transverse  folds,  which  do  not  quite  complete  a circle.  Three 
of  these  folds  are  seen  from  the  vagina  concentrically  disi>osed 
around  the  beginning  of  the  uterus,  which  has  no  defined  ‘os  tinea;.’ 
The  commencement  of  the  wide  vagina  presents  a smiKith  and  even 
internal  surface.  The  clitoris  commences  by  two  crura,  and  is 
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continued  in  a tortuous  and  somewhat  spiral  course  to  the  prepu- 
tium  clitoridis,  to  one  side  of  which  it  is  adherent : the  extremity 
of  the  preputium  forms  a conical  prominence  external  to  the  ante- 
rior margin  of  the  urogenital  canal.  The  ‘ plexus  retiformis  ’ 
forms  two  large  bodies. 

In  the  Pigmy  Musks  or  Chevrotains  ( Traifitlus)  the  ovaria  are 
smooth  oblong  bodies  with  a somewhat  angular  contour.  The 
oviducts  pursue  a scalloped  course  along  the  edge  of  the  broad 
ligament,  and  terminate  in  an  expanded  elongated  pavilion  at  the 
outer  part  of  the  circumference  of  the  capsula  ovarii.  I found  the 
cornua  of  the  uterus  are  unequal  in  size  ; the  right  was  the  largest 
in  the  specimen  examined ; its  inner  surface  was  smooth,  the  utri- 
cular pores  generally  diffused,  without  any  ai>pearance  of  cotylc- 
donal  processes,  implying  an  uniform  and  stunted  villosity  of  the 
fcetal  chorion,  as  in  the  Camel  tribe.'  The  inner  surface  of  the 
vagina  has  many  parallel  longitudinal  folds,  the  abrupt  tennina- 
tion  of  which  indicates  the  beginning  of  the  uterus,  there  being 
no  os  tinea;.  The  vulva  is  close  to  the  vent. 

In  horned  Iluminants  the  lining  of  the  cornua  uteri  shows 
smooth  prominences,  devoid  of  utricular  jmres,  called  ‘ caruncles ' 
or  cotyledonal  processes,  fig.  546,  r,  e,  increasing  in  number  with 
the  size  of  the  species.  In  Cervus  riifux  and  C.  capreolus  there 
may  be  from  four  to  six  in  each  cornu,  longitudinally  disj*oscd; 
in  the  Giraffe  there  may  be  eighty.  In  the  Cameline  group  we 
have  seen  that  the  greater  part  of  the  ca]>sula  ovarii  is  forme<l  by 
the  expanded  fimbriated  aperture  of  the  oviduct  itself,  which  is 
of  very  large  size.  In  Deer,  Antelopes,  Bovines,  and  Ovines  the 
ovarium,  ib.  k,  is  lodged  in  a depression  or  sacculus  of  the  broad 
ligament,  which  is  more  or  less  deep,  and  has  its  apertures  more  or 
less  contracted  in  different  sj)ecies.  In  the  Giraffe  this  sacculus  is 
wide  and  deep,  and  incloses  almost  the  whole  of  the  ovary.  The 
fimbriate<l  extremity  of  each  oviduct  is  expanded  u]H)n  the  outer 
margin  of  the  »)varian  cajisule,  as  in  fig.  546,  i,  i ; the  inner  surface 
of  the  j)avilion  is  beset  with  numerous  line  oblique  stri-T,  and  is 
further  increased  by  narrow  folds  of  lamina'  converging  toward  the 
contracted  opening  of  the  duct.  The  oviduct  fonns  three  or  four 
wavy  folds,  and  is  then  continiHHl  along  the  walls  of  the  wide 
ovarian  ca|isule  to  the  extremity  of  the  uterine  horn,  which  makes 
an  abrupt  curve  to  meet  it.  Each  cornu  becomes  bent  in  a 
sjfiral  form  when  distended  with  fluid:  four  longituilinnl  rows 
of  compressed  caruncles  project  from  the  inner  surface.  The 
cervix  of  the  uterus  is  occupied  by  two  circular  scries  of  close-set, 

' cexxxvi.  vol.  ii.  p.  135,  Sole. 
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longitudinal  lamellar  processes,  witl>  their  free  margins  converging 
to  the  centre  of  the  canal.  Above  these  the  inner  membrane  of 
the  uterus  sends  off  several  thicker  processes  similarly  arranged. 
The  ‘ 08  tinea;  ’ is  a large  transversely  oval  prominenee,  having 
the  orifice  of  the  uterus  in  the  centre,  and  marked  by  numerous 
fine  rugiu,  which  radiate  from  this  orifice.  The  vulva  or  ‘ peak  ’ 
in  the  Giraffe  resembles  that  of  the  Deer,  and  the  other  horned 
Ruminants,  in  coming  to  a point  below,  within  which  is  the  clitoris. 
From  the  vulva  to  the  orifice  of  the  urethra,  the  passage  is  five 
indies  long  in  the  Giraffe:  the  proper  vagina  is  lined  with  a 
BiiKHith  and  polished  membrane,  which  is  disjioscd  in  numerous 
fine  and  small  longitudinal  rugie. 

In  the  Bison  {Bison  Americanus)  the  ovaria  are  smaller  than  in 
the  Giraffe,  and  the  peritoneal  sacculi,  or  capsules,  are  deeper, 
and  have  a more  contracted  aperture  ; they  are  situated  wholly 
external  to  the  ovary,  with  their  apertures  turned  toward  those 
bodies.  The  fimbriated  pavilion  is  extended  along  the  external 
border  of  the  opening  of  the  ovarian  sac.  The  smooth  caruncles 
of  the  uterus  are  softer,  thicker,  and  more  obtuse  than  in  the  Gi- 
raffe, and  are  less  regularly  disposed.  Series  of  longitudinal  lamina; 
are  disjiosed  on  transverse  folds  in  the  cervix  uteri ; the  upper- 
most are  narrower  and  longer ; other  scries  of  shorter,  broader, 
and  thicker  folds  intervene  between  them  and  the  plicated  os 
tinea;.  The  longitudinal  folds  of  the  vagina  are  also  more  de- 
veloped than  in  the  Giraffe. 

In  the  Rein-deer  {Cervus  Tarandns),  the  ovaria  are  small, 
simple,  smooth,  ovate  bodies,  with  the  larger  end  attached  to  the 
fimbriated  aperture  of  the  oviduct;  this  is  situated  external  to 
the  ovary,  between  which  and  the  rest  of  the  oviduct  the  peri- 
toneum is  developed  into  a wide  but  shallow  sac.  The  oviduct, 
after  a few  slight  folds  at  its  commencement,  is  continued  straight 
to  the  uterus.  The  cornua  arc  unconnected  with  each  other  for 
the  first  half  of  their  extent : the  first  of  the  cotyledonal  pro- 
cesses commences  near  the  orifice  of  the  oviduct,  is  in  the 
fonn  of  a com])ressed  elongated  fold  of  the  lining  meinbr.ane,  and 
extends  in  the  direction  of  the  cornu,  with  its  lower  extremity 
projecting  free  for  the  extent  of  half  an  inch ; the  succeeding 
earuncle,  which  begins  where  the  other  ends,  is  also  elongated 
and  flattened,  but  is  shorter  and  broader;  the  third  is  much 
shorter,  but  thicker  and  broader;  the  fourth,  which  is  at  the 
commencement  of  the  common  uterus,  is  the  smallest.  The 
caruncles  of  three  other  rows  have  similar  j;roportions.  In  the 
cervix  uteri  the  lining  membrane  is  produced  into  numerous 
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close-set  longitudinal  laminx,  supported  on  six  successively  larger 
transverse  processes,  the  two  last  of  which  j>rojcct  into  the  vagina, 
and  form  the  os  tinea;.  The  vagina  exhibits  at  its  commence- 
ment some  longitudinal  ruga: ; but  the  rest  of  its  inner  surface  is 
almost  smooth. 

The  cornua  uteri  in  the  Goat  and  Sheep,  fig.  546,  g,  are  rela- 
tively longer,  more  tortuous,  and  expand  more  gradually  from 
the  ends  of  the  oviducts  than  in  the  Deer  and  Cow ; their  point 
of  confluence  is  marked  by  the  style  f.  The  structure  of 
the  corpus  and  cervix  uteri  resembles  that  in  the  Bison.  Tl>e 
grouj)8  of  lamina;  there  present  the  aj)pearance  of  a number 
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of  successive  ora  tinea-,  il).  c,  h.  In  the  virgin  Ewe  a filamentary 
band,  crossing  tlie  constriction  between  the  urogenital  canal  and 
vagina  represents  llie  ‘ liymen.’  The  canals  of  Malpighi  open 
into  tlie  urogenital  psussage,  near  tliat  constriction.  The  crura 
clitoridis  arc  embraced  by  ‘ercctores:’  the  glans  projects  just 
witliin  the  ‘ |)cak  ’ <»f  tlie  vulva. 

§ :JU2.  /«  Carnirura. — In  the  Seal  (^Phoea  vitulina)  the  ovaria 


Digitized  by  Google 


FEMALE  ORGANS  OF  CARNIVORA. 


690 


are  inclosed  in  the  peritoneal  capsules,  situated  close  to  the  ends 
of  the  cornua  uteri.  The  orifice  of  the  capsule  is  chiefly  fanned 
by  the  fimbriate  pavilion.  The  cornua  continue  distinct  some 
way  after  they  are  externally  joinetl  together,  the  actual  ‘corpus 
uteri,’  or  common  cavit}',  being  very  short.  The  inner  surface  of 
the  cornua  is  beset  with  thick  soft  eminences,  chiefly  in  the 
longitudinal  direction,  which  fall  into  longitudinal  ridges  as  they 
approach  the  corpus  uteri.  This  part  opens  into  the  vagina 
on  a well-developed  round  os  tincae.  The  vagina  is  lined  by  a 
loose  usually  longitudinally  plicated  membrane : it  is  se])arated, 
at  the  immature  jieriod,  by  a well-marked  constriction  from  the 
urogenital  canal.  The  urethra  opens  into  the  beginning  of  this 
canal  upon  a mammillary  prominence.  The  clitoris  projects  from 
a small  semilunar  depression,  just  within  the  verge  of  the  anterior 
part  of  the  urethro-sexual  canal : it  has  an  ossicle.  The  rectum 
terminates  close  to  the  opposite  side  of  the  vulva,  and  a common 
cloacal  sphincter  muscle  embraces  both  apertures. 

In  the  White  Bear  {Urxus  ninritimus)  the  ovaria  are  com- 
pletely inclosed  in  a reflected  capsule  of  the  peritoneal  membrane, 
like  the  testes  in  the  tunica  vaginalis  : a small  opening,  however, 
leads  into  the  ovarian  ca[)sule  at  the  part  next  the  horn  of  the 
uterus.  The  fimbriated  orifices  of  the  oviducts  arc  situated  close 
to  this  aperture  : the  ducts  pass  round  the  capsule  in  a tortuous 
course  to  the  uterus.  The  two  cornua  uteri  communicate  with  a 
short  and  wide  corpus  uteri,  between  which  and  the  vagina  there 
appears  to  be  no  very  distinct  boundary : a broad  transverse 
rugotis  projection  of  the  lining  membrane  holds  the  place  of  the 
os  tinea;.  The  vagina  is  separated  from  the  urogenital  canal  by 
two  transverse  semilunar  folds,  continued  one  from  each  side  of 
the  longitudinal  eminence  upon  which  the  urethra  opens.  The 
lining  membrane  of  the  urogenital  canal  is  chiefly  remark- 
able for  its  dark  colour  and  sharply  defined  ruga;,  which  are 
mostly  longitudinal,  but  in  some  jtlaces  have  an  oblique  or 
penniform  arrangement.  The  clitoris  lies  concealed  in  a deep 
preputial  cavity,  attached  through  its  whole  length  to  the 
anterior  or  under  jmrt  of  the  urethro-sexual  canal : it  has  an 
ossicle.  In  Ursus  hihiatm  the  inner  surface  of  the  cornua  uteri  is 
marked  by  obtuse,  depressed,  irregular  processes,  on  which  are 
utricular  j>ores.  The  body  of  the  uterus  tift'ers  a very  contracted 
area;  it  terminates  by  a small  circular  pn|)illosc  ridge  in  a short 
but  wider  canal,  which  traverses  a similar  but  much  larger  jjro- 
minence,  or  os  tinea; : these  valvular  projections  are  minutely 
plicated.  The  lining  membrane  of  the  vagina  jircscnts  many 
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small,  irregular,  transverse  ruga:  at  its  commencement,  but  these 
gradually  pass  into  the  longitudinal  direction  at  its  termination  in 
the  urogenital  canal,  which  is  by  a corrugated  valvular  fold. 

In  the  Katel  (^Ratelus  mcl/ivorus)  the  lining  substance  of  the 
uterine  horns  is  disposed  in  thick  longitudinal  and  oblique  fohls. 
The  os  tincjB  is  a double  circular  prominence.  The  beginning  of 
the  vagina  is  beset  with  numerous  minute  obtuse  rugie,  which 
become  larger  and  more  longitudinal  as  they  apj)roach  the  uro- 
genital canal:  into  this  the  vagina  opens  hy  a bilobed  valvular  fold. 
The  inner  surface  of  the  urogenital  passage  is  smooth. 

In  the  Bitch  the  capacious  capsules  of  the  ovaria  have  a sm.all 
aperture  at  the  part  nearest  the  uterus.  The  fimbriated  Begin- 
ning of  the  oviduct  is  attached  to  the  exterior  boundary  of  this 
aperture  ojijMisite  the  ovarium  ; the  tube  itself  passes  in  a wavy 
course  round  the  anterior  jiart  of  the  capsule  to  the  uterus.  The 
cornua  are  long,  slender,  compressed  tubes,  with  numerous  flat 
eminences  on  the  inner  surface : they  arc  joined  together  exter- 
nally for  nearly  two  inches  before  they  communicate  with  the 
body  of  the  uterus.  The  interior  of  this  part  presents  a few 
smooth,  longitudinal  elevations  of  the  lining  membrane.  The 
tinea;  is  a smooth,  thick,  siin])le  prominence.  The  true  vagina  is 
of  considerable  length,  with  longitudinal  rugas:  the  urethra  oj)cns 
between  a small  transverse  fold  and  the  triangular  flattened 
clitoris,  beyond  which  is  a second  transverse  crescentic  fold  w'itb 
its  concavity  opi>osite  that  of  the  j)receding. 

In  the  Civet  ( Viverra  Civetta)  the  ovaria  approach  nearer 
to  the  globular  form  than  usual.  They  are  situated  in  shallow 
capsules,  on  one  side  of  which  the  oviduct  commences  by  a large 
elongated  aperture.  The  eoriiiia  uteri  are  long,  slender,  com- 
pressed, straight  canals.  The  corpus  uteri  is  equally  simple,  hut 
very  short ; the  vagina  is  long,  with  a longitudinally  rugous 
inner  surface.  The  urogenital  canal  opens  externally  on  a pro- 
minent vulva,  above  which  there  is  a semilunar  cutaneous  de- 
pression, which  receives  the  ducts  of  two  large  scent-glands. 

In  the  Leopard  {Felts  Leopard  us)  the  ovaria  jircsent  an  elon- 
gatc<l,  elli|)tical,  flattened  form,  and  arc  attachwl  by  one  edge  to  the 
ovarian  ligament : the  peritoneal  ])0uch  is  large  and  wide,  with 
an  oj>ening  extending  its  whole  length.  In  the  Ilytcna  the 
ovaria  have  a more  compact  oval  form,  and  are  more  completely 
inclosed  in  the  peritoneal  capsules.  The  fimbriated  aperture  «if 
the  oviduct  is  extended  in  the  Leopard  along  one  side  of  the 
margin  of  the  [touch  ; the  ovary  itself  fonns  the  o|i[H>site  Itoundary. 
In  the  Hvicna  the  pavilion  fonns  a smaller  pro[K»rtion  of  the 
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margin  of  the  capsule.  The  oviduct  runs  a short  and  tortuous 
course  along  the  anterior  part  of  the  ovarian  capsule  to  the  horn 
of  the  uterus:  both  cornua  present,  in  the  unimj)rcgnatcd  Lcoj>ard, 
the  form  of  simple,  straight,  narrow,  flattened  tubes,  with  a 
smooth  and  even  internal  sui-face,  and  they  open  into  the  conunon 
uterine  cavity  half-way  between  their  external  union  and  the 
vagina.  The  os  tincac  is  very  j)rominent,  and  is  beset  with 
numerous  short  pa])illosc  processes:  in  the  Ilyajna  it  is  not  j)apil- 
lose.  The  vagina  in  the  I^eopard  is  a narrow  canal,  with  a few 
smooth  longitudinal  ruga:  internally,  which  terminate  abruptly  at 
the  beginning  of  the  urogenital  passage  : in  the  IIya;na  the  vagina 
is  wider  with  more  produced  longitudinal  folds.  The  internal 
surface  of  the  urogenital  passage  is  beset  with  coarse  papilla;,  the 
larger  ones  being  aggreg.ated  in  longitudinal  groups  ; at  its  ter- 
mination projects  the  clitoris : and  at  the  sides  of  the  passage,  in 
the  Leopard,  are  the  orifices  of  two  large  glands.  The  j)rc|)uce 
has  no  ossicle  or  cartilage  in  the  Viverrine  or  Feline  Carnivora. 

§ .39.3.  In  Qitadrumana. — The  rcai)[)earancc  of  Lissencephalous 
characters  of  the  female  organs  in  the  lowest  membei-s  of  the 
present  group  indicates  their  derivation  and  divergence  from  gome 
antecedent  common  source.  The  smooth-brained  J.cmurida-  with 
gyrence])halou8  proportions  of  cerebrum  show  a common  utero- 
vaginal elongate  cavity,  as  in  certain  Brnta,  and  an  external 
j)crforate  clitoris,  as  in  Insectivora. 

In  Pvrodictiens,  Lichanotus,  Otnlicniis,  Tarsius  and  Stenops 
(both  St.  prarilis  and  St.  tardigrndus),  the  ovaria  are  small  oval 
b(xlics,  in  adults  often  presenting  a granulate  exterior ; always 
sus[)ended  in  a depression,  which  is  a rudiment  of  the  capsule  of 
the  broad  peritoneal  ligament.  The  oviducts  commence  by  a 
fimbriated  extremity  exterior  to  the  ovaries,  and  pass  in  front  of 
those  bodies  in  a tortuous  course  to  the  horns  of  the  uterus. 
These  arc  short  and  wide,  and  begin  by  large  obtuse  extremities ; 
they  arc  lined  by  a smooth,  thick,  and  seemingly  villous  mem- 
bnine.  After  the  junction  of  the  cornua  the  common  utei'inc  canal 
j)rcsents  internally  a smoother  surface,  but  begins  to  fall  into  a 
number  of  fine  longitudinal  ruga::  it  is  continued  into  the  vagina 
witlumt  any  line  or  mark  of  distinction;  the  same  embryonal  cha- 
racter, as  in  Dasi/pns  and  Bradypns,  being  here  persistent.  The 
rugic  are  more  strongly  developed  in  this  canal,  which  terminates 
by  a round  opening,  fig.  .'547,  A,  half  an  inch  anterior  to  the 
rectum,  ib.  n.  Iinmcdiately  in  front  of  the  vagina  is  the  clitoris, 
ib.  c;  it  is  a large  and  prominent  body,  perforated,  like  the  penis 
in  the  male,  by  the  urethral  canal,  which  opens  ii[>on  a glans  cleft 
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by  a vertical  fissure,  and  inclosed  above  and  at  the  sides  by  a 
crescentic  prepuce.  The  urethra  is  consequently  of  unusual 
length  in  these  small  Quadrumana,  as  it  is  in  Moles  and  Shrews. 
When  the  cerebrum  begins  to  show  deep  and  definable  gyrations 
a higher  type  of  female  organs  is  indicated.  The  uterus  is  differ- 
entiated from  the  vagina  by  an  os  tineas  in  the  Aye-aye,  and  the 

Moreover  the  vulva  opens 
at  about  one  and  a half 
inch  distance  from  tlic 
vent.  The  uterine  horns 
are  relatively  longer  than 
in  most  other  Lrmurida. 
The  08  tinea:  aj)j)ears  trilo- 
bate through  fission  of  the 
anterior  valve  or  ‘ lip.’ 
The  vagina  shows  the 
usual  provision  fur  dilata- 
tion in  the  longitudinal 
folds.  The  urethral  orifice 
defines  a urogenital  tract 
about  one-third  the  length 
of  the  vagina : the  prepu- 
tium  clitoridis  o[>ens  by  a 
transverse  crescentic  fossa 
anterior  to  the  urogenital 
outlet : the  crura  clitoridis 
embrace  the  un)geuital 
passage  before  uniting,  on 
its  fore  wall,  into  the  body 
of  the  clitoris  : the  glans 
is  subbilobate.' 

In  the  Alongooee  and 
other  species  of  true  J-^- 
tniir,  the  uterus  communicates  with  the  vagina  ujwn  a distinct 
valvular  prominence  or  os  tinea: ; but  the  clitoris  is  situated  more 
within  the  verge  of  the  vulva  than  in  Chirom;/$,  and  is  perforate<l 
by  the  urethra.  The  rugae  of  the  vagina  are  well  develoj)cil,  and 
are  of  two  kinds  ; the  stronger  ones  are  longitudinal,  in  the  inter- 
8]iaces  of  which  arc  smaller  transverse  or  oblique  folds;  these 
assume  a pennifonn  arrangement  near  the  outlet.  The  clitoris  is 
inclosed  in  a large  and  thick  internally  plicated  prepuce.  Tlie 
external  labia  are  continued  from  the  dorsum  of  the  clitoris ; within 
' ccxni'.  p.  07,  tab.  3,  figs.  2 and  3. 
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clitoris  is  distinct  from  the  urethra. 
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these  there  are  two  smaller  folds,  or  ‘ labia  minora,’  continued  from 
the  sides  of  the  clitoris  to  the  opposite  part  of  the  vulva ; and  on 
the  internal  surface  of  each  of  these  folds  there  is  a thick  lonjritu- 
dinal  process  of  membrane  j>rojecting  like  the  ‘ caruncul*  inyrti- 
formes,’  into  the  cavity  of  the  vagina. 

In  Platyrhine  Monkeys  the  uterus  is  long  and  narrow,  with  a 
truncate  fundus,  the  angles  of  which  are  not  produced  into  cornua  : 
it  begins  to  show  thicker  muscular  walls.  The  os  tincse  is  bila- 
biate : the  urogenital  tract  is  relatively  longer  than  in  Lemur, 
equalling  that  of  the  vagina.  The  clitoris  is  of  unwonted  length, 
and  is  pendent  outwardly,  like  the  penis  of  the  male,  in  the  Spider- 
Monkeys  (Atelcs):  it  is  not  perforated  by  the  urethra ; this  opens 
upon  a longitudinal  fold  extending  from  the  constricted  limit  of 
the  proper  vagina  to  the  vulva. 

In  Catarhines  the  urogenital  tract  is  always  much  shorter  than 
the  vagina,  and  the  uterus  is  long  and  slender.  In  Papin 
Mormon  the  distended  clitoris  is  three  inches  in  length  : the 
glans  is  smooth : the  inner  surface  of  the  proj)er  vagina  is 
obliquely  and  transversely  rugous : the  external  labia  become 
much  swollen  at  the  heat.  In  both  Baboons  and  Macacqiies  the 
tunics  of  the  uterus  are  thinnest  at  the  fundus,  the  angles  of 
which  are  slightly  produced,  like  a last  indication  of  cornua. 
At  the  ceiwix  there  are  seen,  besides  the  longitudinal  folds,  two 
bulbous  processes  of  the  lining  membrane ; below  these  a large 
08  tine®,  with  a remarkably  irregular  surface,  projects  into  the 
vagina.  This  canal  is  lined  by  a dense  epithelium,  and  presents 
a few  large  longitudinal,  and  numerous  small,  corapressetl,  trans- 
verse and  oblique  rug®,  the  margins  of  which  are  crenated.  A 
transverse  line  divides  the  vagina  from  the  urogenital  canal,  at 
the  commencement  of  which  is  the  termination  of  the  urethra  and 
also  the  orifices  of  the  glandular  sinuses,  called  canals  of  Gartner 
or  Malpighi.  In  Macucus  Silenus,  Hunter  compares  the  constric- 
tion with  a caruncular  prominence  at  the  beginning  of  the  uro- 
genital tract  to  the  ‘ hymen  the  ‘ glans  clitoridis  ’ is  sub-bifurcate. 
In  the  Green-ilonkcy  and  other  sjKJcies  of  Cercopithecus,  the  ovaria 
are  compressed,  and  approach  the  triangular  fonn ; the  oviducts 
enter  the  angles  of  the  fundus  of  a simple  undivided  uterus : the 
cervix  uteri  is  occupied  by  several  irregular  longitudinal  rug®;  the 
internal  surface  of  the  vagina  presents  a few  oblique  rug®.  The 
urethra,  in  Cere.  Sabeeus,  terminates  two-thirds  of  an  inch  within 
the  vulva,  upon  a longitudinal  prominence,  on  each  side  of  which 
there  is  a transverse  ridge  dividing  the  vagina  from  the  urogenital 
passage : immediately  beyond  the  constriction  tlierc  are  several 
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ptnall  ol)Iiqiic  plications  of  the  lining  membrane.  The  clitoris  is 
imperforate;  on  each  side  of  it  there  is  a tumid  process  of  integu- 
ment, making  a kind  of  prepuce.  From  these  processes  two 
ridges  pass  backward  to  the  sides  of  the  vulva,  of  which  they 
constitute  the  labia,  and  between  these  there  is  a groove  running 
from  the  clitoris  to  the  urethro-sexual  canal.  In  the  tail-less 
Apes  the  fundus  uteri  acquires  increased  breadth;  the  general 
■walls  are  thicker  than  in  Monkeys;  but  the  entire  organ  is  longer 
and  more  slender  than  in  the  human  subject. 

§ :i!(4.  In  liimann. — The  ovaria  of  the  a<lult  female  are  oviil,  sub- 
dc|ircssed  ImkHcs,  fig.  548, suspended  by  tbe  layers  of  perit()neum 
continued  from  their  surface  to  the  ‘ broad  ligament,’ within  which 
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is  a cord  of  sclerous  tissue  passing  from  the  uterine  end  of  the 
ovary  to  the  womb,  an<l  called  ‘ ligaincntum  ovarii,’  ib.  h : a pro- 
cess of  the  jtavilion  connecting  these  to  the  opjiosito  end  of  the 
ovarv  is  called  ‘ tubo-ovarian  ligament,’  ib.  e.  The  depression  of 
the  ‘ broad  ligament  ’ between  ovarium,/,  and  oviduct,  c,  shown 
bv  raising  tbe  firmer,  answers  to  the  ‘ cajisula  ovarii  ’ ot  lower 
Mammals.  The  anterior  surface  is  less  convex  than  the  posterior 
one.  'flic  ovisacs  cxjiand  in  a dense  tissue  or  ‘ stroma,’  fig.  534,  in- 
closed in  a sclerous  tunica  albuginea:  with  the  adventitious  tunic 
whii'b  the  ovisacs  derive  in  their  enlargement  fnim  the  stroma, 
tbev  firm  the  cavities  called  ‘Graafian  vesicles.'  In  the  young 
adult  fenmlc  the  surface  of  the  ovary  is  snuHith  : it  afterwards 
becomes  scarreil  by  the  cicatrices  of  ruptures  caused  by  discharges 
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female.  The  ‘ pavilion  ’ or  abdominal  ajicrture  of  the  oviduct 
(‘  Fallopian  tube,’  Anthr.,  fig.  548,  d)  is  richly  provided  with  a 
fringe  of  irregularly  eremite  folds  riidiating  from  the  beginning  of 
the  canal : the  duct  dilates  beyond  this  orifice,  and  then  gradu- 
ally contracts  to  almost  capillary  minuteness:  the  surface  of  the 
lining  membrane  of  the  tube  is  augmented  by  the  folds  continued 
from  the  fimbriiC,  and  chiefly  longitudinal  in  direction ; these 
subside  about  an  inch  from  the  uterus,  where  the  oviduct  again 
begins  slightly  to  dilate : where  it  enters  the  uterus  the  longitu- 
dinal impressions  terminate  abruptly : the  epithelium  of  the  lining 


Ovarium  anO  t>ar»varlam,  lluinati ; iiat.  rize.  ccxlti"« 


of  ova,  of  which  a recent  instance  had  occurred  in  the  ovarium, 

fig.  549. 

The  remnant  of  the  Wolffian  body,  noticeable  in  most  lower 
Mammals  in  the  form  of  a 
group  of  parallel  wavy  tu- 
bules  extending  from  the 
ovary  between  the  layers  of 
the  broad  ligament,  is  con- 
stantly present  in  the  human 
subject,  and  is  termed  ‘ paro- 
varium,’ fig.  550,  a,  b,  c,  d, 
the  terminal  erncum  becom- 
ing enlarged,  as  at  f,  to  form 
the  so-called  ‘ hydatid  ’ of 
the  broad  ligament : con- 
tiguous c«ca,  h,  have  a tendency  to  become  dilated : those  at 
the  opposite  end  become  atrojihied,  i/,  as  docs  likewise  the 
duct  e,  the  terminal  portion  of  which,  known  as  ‘ Gartner’s  canal  ’ 
in  lower  Mammals,  can  seldom  be  recognised  iu  the  human 
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mcnihinnc  is  ciliate.  Such  is  the  Btructure  of  the  human  ovulucf, 
as  shown  in  tlie  preparation,  No.  2823,  A,  xx.  vol.  iv.  p.  189 ; but 
there  are  varieties,  as  in  fig.  550.  A remnant  of  the  primordial 
oviduct,  or  ‘ duct  of  Muller, ’ is  constant,  in  the  form  of  the 
pedunculate  hydatid,  fig.  550,  {. 

Tlie  human  uterus,  of  the  shape  and  dimensions  shown  in  the 
sections,  figs.  551  and  552,  is  more  comjiact,  more  muscular,  than 
in  Qnadrumana,  has  a browler  and  more  convex  fundus,  a more 
marked  constriction  between  the  incubating  and  transmitting  parts, 
and  these  arc  more  distinct  in  their  respective  structures.  The 
fonner,  fig.  551,  r/c,  which  is  analogous  to  and  homologous  with 
SAI  6A2 
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the  ‘cornua  uteri’  of  brutes,  is  tenned,  in  Anthroimtomy,  the 
‘body’:  the  part,  ib.  c c,  which  answers  to  the  ‘ corpus  utcri^  in 
brutes,  fig.  546,  h,  c,  d,  is  termed  ‘ cervix  uteri.’  The  relatioiw 
above  enunciated  receive  an  interesting  confiniiation  in  the  w- 
casional  anomaly  of  the  human  uterine  structure  shown  in  fig.  541. 

The  enlargement  for  the  lodgment  of  the  fetus  and  its  api>en- 
dages  is  limitcil  to  the  incubatory  part,  the  inner  siirfiicc  of  which 
in  the  unimpregnated  womb  is  smooth,  and  by  contact  closes  the 
cavity,  as  at  i,  fig.  552.  The  cervix,  i,  ]>,  has  its  inner  surface  in- 
creased by  numerous  jilieate  folds  and  furrows;  in  many  instanics 
diverging  from  an  anterior  and  posterior  inc<lial  longitudinal 
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ridge ; and  here  a slender  fusiform  cavity,  occupied  by  secretion, 
is  maintained. 

What  is  called  the  ‘ lining  membrane  ’ of  the  uterus  is  a layer 
of 'Substance,  fig.  570,  including  formified  corpuscles  or  ‘ nuclei,’ 
fusiform  fibres,  and  amorphous  matter  traversed  by  the  irregular 
tortuous  canals,  called  ‘ utricular  glands  or  follicles,’  and  by  capil- 
lary blood  vessels,  which  form  an  angular  network,  fig.  553,  on  the 
surface,  the  ‘ utriculi  ’ ojwning  in  the  centre  of 
the  meshes.  This  substance  is  readily  shed  as 
‘decidua,’  and  renewed.  At  the  ‘cervix  ’ a true 
‘ lining  membrane  ’ becomes  differentiated, 
composed  of  basilcmma,  fibrous  and  vascular 
tissues,  follicles,  and  papilla:,  the  free  surface 
showing  a precipitate  of  tessellated  epithelium. 

The  ‘ os  uteri  ’ is  a transversely  elliptic  con- 
vex protuberance,  upon  which  the  womb  com- 
municates with  the  vagina  by  a transverse 
fissure.  It  is  directed  obliquely  backward, 
and  when  divided,  as  in  fig.  552,  presents  an 
‘ anterior  lip,’  a,  and  a ‘ iKisterior  lip,’  p.  The 
jwstcrior  commencement  of  the  vaginal  canal, 
f,  overarching  the  ‘ os  uteri,’  is  called  ‘ fornix.’ 

The  |M;ritoneum  is  continued  over  this  part  as 
far  as  the  liue  or  reflection  ui)on  the  rectum,  r.  ,>piiurk-,  on  u.r  .urf,ro  oi 
Anteriorly,  the  peritoneum  is  reflected  from 
theutcrus  at  the  beginning  of  the  cervix, which, 
from  5 to  5,  is  connected  to  the  urinary  bladder  by  areolar  tissue. 
The  round  ligament  of  the  uterus  consists  <>f  fasciculi  of  unstriped 
fibres,  continued  from  those  of  the  angles  of  the  ‘ fundus  uteri,’ 
fig.  548,  g,  inclosed  by  peritoneum,  and  continued  to  the  internal 
inguinal  ring ; here  it  expands,  and  separates  into  an  inner  fasci- 
culus lost  in  the  tendons  of  the  internal  oblique  and  transversalis, 
a middle  one  in  the  upper  column  of  the  external  abdominal  ring, 
and  an  external  one  to  the  inferior  column.  It  is  a rudimcntal  ho- 
motype of  the  cremaster  of  the  male  in  its  primitive  inverted  state. 
Anthropotomy  extends  the  term  ‘ ligament  ’ to  the  different 
sheets  or  folds  of  peritoneum  continued  or  reflected  from  the 
uterus.  One  of  these  incloses  the  ligament  of  the  ovary  con- 
tinued upward  into  the  remnant  of  that  of  the  primordial  kidney. 
The  vagina  is  a subdepressed  cylindrical  canal,  commencing  aa 
in  fig.  552,  and  continued  to  near  the  vulval  outlet,  where  it  is 
bounded  anteriorly  by  the  prominence  of  the  vestibule  on  which 
the  urethra  opens,  fig.  554,  «,  and  jjostcriorly  by  the  usually 
crescentic  fold,  which  more  or  less  constricts  the  distal  (<rifice  of 
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the  vaffina,  ih.  ca.  The  inner  surface  of  the  vagina  presents 
numerous  closc-set,  transverse,  often  vernicose,  rugae,  sometimes 
diverging  from  opjwsite  longitudinal  tracks,  as  ‘ columnar  rnga- 
nim,’  on  the  fore  and  back  parts  of  the  walls:  toward  the  vulval 
end  of  the  canal  the  ruga*  become  broken  up  into  shorter  promi- 
nences, or  ‘ leaflets.’  This  part  of  the  vagina  is  surroundetl  by  a 
‘constrictor’  muscle,  fig.  554,  5,  between  which  and  the  inner 

membrane,  ib.  nn,  there 
is,  on  each  side,  a gland, 
(j,  which  sends  its  secre- 
tion by  the  duct,  rf,  into 
the  urogenital  passage, 
between  the  hymen  and 
nymphaj:  it  is  called  the 
‘ viilvo-vaginal  ’ gland, 
and  answers  to  ‘ Cow- 
pci’s  ’ in  the  male.  The 
urogenital  passage  rare- 
Iv  exceeds  an  inch  in 
length!  it  includes  the 
promfnence  or  ‘ vesti- 
bule,’ ib.  c,  u|>on  which 
the  urethra  ojwns;  the 
clitoris,  c,  with  its  pre- 
putium,  pc  ; and  the 
pair  of  highly  vascubar 
folds,  n,'  continued  from 
the  clitoris  downwartl  t<« 
the  lower  boundarv  of 

EitrniNl  fctnitlr  lltimiin.  ix'xi.t  ir*.  . rr*i  * < 

the  ])as9age.  i he  vulva 
is  chiefly  composed  by  the  ‘ labia,’  ib.  / (the  right  one  has  been 
removed  in  the  figure),  which  are  lateral  folds  of  tegumentary 
anil  ‘ dartoid  ’ tissue,  including  fibrous  and  adipose  substance. 
The  outer  jiart  is  hairy  skin,  the  inner  layer  is  smooth,  vasr-ular, 
pinkish  in  colour,  and  furnished  with  many  inuci{iarous  and  seba- 
ceous follicles.  Above  their  upper  commissure  is  an  eminence 
of  fibrous  and  adi|>oso  tissue,  covered  by  integument  which,  at 
the  age  of  puberty,  becomes  clothed  with  hair.  The  labia  are 
homotypes  of  the  scrotum : the  clitoris  is  a miniature  representa- 
tion of  the  penis,  and  has  its  ‘ crura,’  ‘ liody,’  ‘ glans,’  ‘ suspensory 
ligament,’  ‘ erectores  muscles,’  and  closely  conformable  vascular 
structures,  with  the  addition  of  large  contiguous  venous  plexuses. 
Its  nerves  arc  equal  in  size  to  those  of  the  jiciiis. 


> Tho<u>,  oillnl  'nymphip,'  are  of  uniuuul  length  in  isunu'  luv  rarirtica  (Hottrntut. 
«thiameo)  of  the  huro»n  apccic*. 
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CHAPTER  XXXVIII. 

GKNERATIVE  PRODUCTS  AND  DEVELOPMENT  OF  MAMMALIA. 

As  the  leading  forms  of  the  Mammalian  spermatozoa  have  been 
already  given,  and  as  their  development  docs  not  differ  in  any 
essential  degree  from  the  process  described  in  Vol.  I.  pp.  589-592, 
I proceed  to  notice  the  correlative  act  which  is  truly  characteristic 
of  the  present  class. 

§ 395.  Ovulation  in  Mammalia. — The  ovum  in  Mammals, 
characterised  by  its  extreme  minuteness,  was  recognised  soon 
after  the  microscope  came  into  use.  De  (iraaf  ‘ (1672) discovered 
it  in  the  oviduct  of  the  Rabbit.  Haller,*  unsuccessful  in  this 
quest,  lent  his  authority  to  discredit  the  statements  of  the  Dutch 
anatomist;  but  Cruikshank*  (1797)  confirmed  and  established 
their  accuracy.  Nevertheless,  up  to  1824,  the  Mammalian  ovum 
was  known  only  as  it  appeared  in  the  oviduct. 

Prevost  and  Dumas,  indeed,  twice  detected  a less  pellucid 
spherical  corpuscle,  a millimeter  in  diameter,  in  the  ovarian  or 
Graafian  follicle,  and  deemed  it  very  probable  that  thence  was 
derived  the  oviducal  ovulc.^  Von  Baer  (1827)  raised  the  proba- 
bility to  scientific  certainty  by  a series  of  observations  of  the 
ovarian  ovum,  made  in  the  Bitch,  Cow,  Sow,  Ewe,  Rabbit,  and 
also  in  the  Human  female.  He  deemed,  however,  this  ovarian 
ovule  to  answer,  not  to  the  entire  ovum  of  lower  Vertebrates,  but 
to  the  ‘ germinal  vesicle  ’ of  such  ; the  fluid  of  the  Graafian 
vesicle  he  homologiscd  with  the  ‘ yolk,’  and  its  lining  membrane 
with  the  ‘ membrana  vltelli,’ so  that  the  ‘Graafian  vesicle’ was 
still  to  Von  Baer,  as  to  Prevost  and  Dumas,  tlic  ‘ovum  of  the 
ovary.’ ^ Soon  followed,  however,  an  almost  simultaneous  scries 

' cci.vi''.  ’ ccLvii".  • cci.nu'’.  * cxxix". 

^ * Ve^icula  rryo  Graajuina  cum  (ul  ovarium  ymtratimqv^.  nd  corpus  fnatrrnum 
rrtpicUtmui^  owm  gaue  e*t  mnmmalium.  Setl  tiTolutiouem  quod  aitinet,  vehementer 
diiH'repat  a ivliquoruni  oro  aniinaliam,  quorum  ovi  nucleus  inU^ger  ex  uvurio  duve- 
hilur,  fetui  nascituru  non  sodem  taiitimi  pra'bitunisi  med  in  ipsuin  (>otius  fetum  trans> 
ft>rrnniuiua.  In  luummalibatt  vero  vtsicula  iunafa  vitcUnm  mngia  excultum  continet 
et  nithne  ad  Jetum  yenilurum  hahita  vtriim  $r«e  proftat  ovum,  Ovo  fetale  dici  jtogtil 
in  ovo  matfnw,  Mtimmulm  ergo  hab<‘nt  ovum  in  oro  aut,  hi  bac  dioendi  formula  uii 
licet,  ovum  iu  »«‘cunda  polentia.' — P.  32.  ‘Quapmpter  in  vesicula  GnudianadeHcribeuda 
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of  observations'  by  which  the  ‘ germinal  vesicle,’  the  * gcrmlna 
sjH>t,’  the  yolk,  and  yolk-ineinbrane,  were  determined  in  the 
minute  opaque  sphere ; and  thus  was  the  ovarian  egg  of  the 
Mammal  finally  made  known. 

The  ovisac  and  ovum  appear  later  in  the  ovary  than  do  the 
seminiferous  tube  and  spermatoon  in  the  testis.  The  first-formed 

elements  in  the  fetal  ovary  are 
those  called  ‘ cells  ’ and  ‘ cell- 
nuclei’:  next  appear  roundish 
gn>iips  of  such  primary  cells, 
rather  more  opaque  than  the  rest 
of  the  previously  uniform  mass, 
fig.  5.')5,  A.  A film  soon  conden- 
ses round  these  pur])Osive  groups, 
ib.  B,  upon  the  inner  surface  of 
which  forms  an  epithelial  preci- 
pitate from  the  fluid  and  granules 
of  the  intcrsjmccs  of  the  contained 
primary  cells : within  the  ‘ ovisac  ’ 
thus  formed  a larger  nucleate  cell 
becomes  visible,  which  is  the  be- 
ginning of  the  ovum.  As  the  ovi- 
sac expands  the  pro|>ortion  of  fluid 
to  the  formified  particles  increases, 
and  the  latter  arc  attracted  t4>  the 
contiguous  surfaces,  some  to  that 
of  the  ovisac,  which  thus  becomes 
lined  by  a tideker  layer  of  cells, 
others  to  the  ovum,  accumulating 
around  it  With  the  enlarge- 
ment of  the  ovisac,  the  ‘ struma 
ovarii  ’ condenses  around  its  deli- 
cate membrane,  fig.  5.56,  b,  to  fonu 
the  ‘ theca  folliculi  ’ of  Baer. 
This  vascular  covering  of  the 

Fonniitlof)  of  itii*  iiTiMr,  I>)g.  ccutT'.  . ..  *11 

ovisac,  lb  «,  with  the  proper 
wall,  ib.  h,  constitutes  the  ‘ Graafian  vesicle  or  follicle.’  The 
stnitum  of  nucleate  cells  lining  the  ovisac  is  termed  ‘ membraiia 


rooe  orit/V  R.-mp<T  qror  iraiii,  qnm  mirnln  Omnfinna  ipu  omm  rrf.  rl,  n-Rprrtn 
ornrio,  rx  oTulu  aulrm,  fit  urani  fHalr.'  . . . ' Kz  quo  conclmlo;  quo  ditilint  im  c.-rp  r* 
mtUrno  fetv$ /urenliir,  n magit  jam  primitut  rsi-ulla  ridetur  ovi  vtticnla  ianala,  qua* 
ill  mammaUhat  to  permit  %t  omnrt  ovi  virtetre  in  tut  rreipiat  it  rrligutr  uri  pat  tee 
parri  momrnti  rxtraarr  jatui  JiaHt.'  oexux".  p.  33.  [The  italics  arc  V.  Bjur'a.] 

' CCI.".  CCTJ*.  ccui*. 
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granulosa,’  those  which  surround  the  ovum  itself  form  the  ‘ pro- 
ligcrous  disc,’  ib.  e,  and  the  mass  of  cells  thereto  adliering  is  the 
‘ cumulus.’  The  ‘ hyalinion,’  or  proper  tunic  of  the  ovum,  thickens 
into  the  clear  substance  called  ‘ zona 
pellucida,’/.'  The  cells  immediately 
around  the  ovum,  as  it  ripens,  elongate 
and  become  pyriform,  with  the  pointed 
end  attached  to  the  ‘ zona  ’ : those  of 
the  cumulusdiverge  irregularly  into  the 
fluid  intervening  between  them  and  the 
‘ membrana  granulosa  ’ of  the  ovisac : 
but  the  four  groups,  defined  by  Barry* 
as  ‘ retinacula,’  ib.  rf,  and  fig.  559,  g 
2,  may  be  an  exceptional  disposition.  or»»«»iiTe,kio«ud.ivnTii.  B»iibu; 

The  ripe ’ovarian  ovum,  freed  from 
its  cellular  precipitate,  fig.  557,  is  inclosed  in  the  thick  trans- 
parent structureless  ‘ hyalinion,’  a : its  vitelline  contents  are 
opaque  through  the  abundance  of  granular  yolk-substance,  5: 
in  this  is  the  ‘ germinal  vesi- 
cle,’ with  its  nucleus  or  ‘ ma- 
cula,’ ib.  c : it  is  more  readily 
seen  when  the  yolk  is  dis- 
charged from  the  ruptured 
ovum  under  pressure,  as  at  b. 

§ 396.  OvipotU. — The  ma- 
turation of  ova  occasions  the 
‘ rut’  or  ‘ heat’:  in  many 
brutes  it  is  annual ; in  the 
Ferret  twice  a year;  in  the 
domestic  Rabbit,  Cat,  Hog, 

Bitch,  it  may  recur  three 
times  a year  or  oftener : in  the  Human  female  it  is  menstrual.  The 
number  of  ovisacs  and  ova  which  ripen  at  each  rut  varies  accord- 
ing to  the  multiparily  or  uniparity  5.-, 8 

of  the  species : in  the  Sow,  e.g.  fig. 

558,  there  may  be  from  four  to  six  or 
more  in  each  ovary  ; in  the  Orni- 
thorhynchus,  fig.  566,  there  are  two 
only,  and  these  limited  to  the  left 
ovarium ; in  the  Human  female 
there  is  rarely  more  than  one.  The 
rut  involves  a determination  of 

Iml,  IX'LllI 

* As  here  hhowii  it  looktt  like  a *zonc;’  hut  h a hug,  nut  u belt.  ‘ cix« 


Slammallnn  ovurltm  <iTum;  mairn.  cocviii. 
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blood  to  the  ovarium,  and  especially  to  the  swollen  ovisac  and  its 
adventitious  coverings : a thinning  of  these  takes  place  at  the 
most  prominent  part,  to  which  the  ovum  tends  ; blood  is  extravs- 

sated  into  the  ovisac,  which, 
partly  by  absorption,  partly 
by  pressure,  yields  and  gives 
issue  to  the  ovum,  fig.  559. 
This  hajipcns  whether  the 
male  have  access  to  the  fe- 
male in  heat  or  not.  In  the 
Human  kind  the  ovi|»ont 
concurs  with  and  probably 
occasions  the  menstrual  dis- 
charge.' The  iinimpregnated 
ovum  may  escape,  as  an 
impregnated  one  has  some- 
times done,  into  the  abdo- 
minal cavity  : but,  save  that 
it  probably  perishes  in  its 
normal  progress  outward,  it 
an  egg  every  time  she  men- 
struates— an  egg  resembling  in  all  essential  structures  that  of 
the  bird,  but  not  exceeding  i”  diameter.’  Some- 

thing like  a sanguineous  discliarge  has  been  observed  in  Qutt- 
drumana ; but  the  more  constant  concomitant  of  the  rut  in  that 
order  is  the  swelling  and  vascularity  of  the  external  parts  of 
generation.  In  the  Mare  an  oj)aquc  white  secretion  is  ejected  per 
vuh'am  at  the  heat. 

§ 397.  Corptts  luteum. — After  the  escape  of  the  ovum,  with 
other  contents  of  the  ovisac,  the  walls  of  that  cavity  become 
thickened  and  altered  in  colour:  in  most  Mammals  they  are 
partially  evertcil  at  the  ruptured  orifice,  fig.  566,  b,  h.  In  the 
Cow  and  Sheep  such  altered  ‘ Graafian  follicle  ’ assumes  a brick- 
red  colour;  in  the  Sow  a yellowish  brown;  and  in  the  Woman 
the  brighter  colour  led  to  its  being  called  a ‘ corpus  luteum.’  In 
her  the  walls  of  the  distended  ovisac,  compressed  by  the  tunica 
nlbu<;inea  and  snrroundins  stroma,  are  thrown  into  delicate  folds, 
fig.  560 : the  bl«H)d-clot  which  may  have  remained  after  the 
escaj)€  of  the  ovum  is  progressively  absorbed.  The  plicated 
ovisac  then  contracts  uj)on  the  cavity,  and  by  the  time  the  suc- 

• CCLIll".  CCl  IV".  CC1.\-". 

* In  cccviii.  thtMlijiimtcr  of  tlic  niuturt*  ovarian  ovum  jrivt-n.  as  being,  in  man 

Tfid*  lir.’  iJg.  rut  niouM  pig  cow  guinca*pig  of  nn  inch. 


5o9 


Ovum,  with  lunten  ffranuloaa,  nf  (lie  Ilnbidr.  In  tiu*  nrt 
vf  i'aopitig  froui  a ruptiiivu  (irtwnaii  foUicIv.  oix’. 

might  be  said  that  a woman  lays 
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ceeding  ovisac  with  thd  ripening  ovum  has  begun  to  protrude 
from  the  surface  of  the  ovary,  the  old  ovisac  has  lost  its  yellow 
colour,  with  much  of  its  size,  and  has  retired  inward.  This  move- 
ment, with  the  collapse  of  the  wall,  depresses  the  cicatrix  of  the 


660 


Corpus  lut«uu)/  after  uf  ovum,  lluniaii.  ccXLVi". 


aperture ; and  by  these  successive  shrinkings  and  cicatrisations 
of  the  burst  ovisacs,  the  ovary  becomes  marked  by  pits  and  fur- 
rows in  advanced  life.  If  the  e.xpelled  ovum  be  not  impregnated, 
the  changes  of  the  ovisac  into  the  yellow  convolute  cavity,  then 
into  a small  white  stellate  body,  may  occupy  two  months  in  the 
Human  subject ; but,  if  the  maturation  of  succcssional  ova  be 
delayed  by  impregnation  and  its  consequences,  the  first  change 
goes  on  to  a greater  degree,  and  the  ‘ corpus  luteuni  ’ is  not  obliter- 
ated in  less  time  than  from  thirteen  to  fourteen  months ; the 
inner  coat,  or  original  ovisac,  is  more  thickened  by  a larger  de- 
posit of  yellow  oil-granules ; 
it  becomes  more  deeply  jili- 
cated,  is  then  compacted  into 
a yellowish  mass,  and  gains  an 
ad  ventitious  w hite  lining  mem- 
brane, fig.  561.  Karely  until 
after  full  gestation  and  deli- 
very is  the  cavity  obliterated  : 
it  is  then  represented  by  a 
stellate  linear  figure  surround- 
ed by  the  ‘ corpus  lutcum,’ 
which  is  ultimately  absorbed. 

§ 398.  Impregnation. — After  coitus  the  spermatozoa  find  their 
way  to  the  Fallopian  tubes,  or  oviducts,  and  might  come 
into  contact  with  the  ovarian  ovum,  through  the  opening  in 
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Section  of  UuruAD  OFAT}  wltb  ’ corpnt  1utconL,*%ller 
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the  ovisac,  prior  to  its  expulsion,  but  they  have  never  been 
traced  so  far.  They  were  first  seen,  by  Martin  Barry,  to 
have  penetrated  the  ‘ zona  ]>cllucida,’  in  a Rabbit’s  oviducal  ovum, 
fijf.  562.  No  definite  single  pore  or 
‘ inicropyle  ’ for  the  entry  of  the  sperma- 
tozoon has  been  detected  in  that  delicate 
evanescent  tunic  of  the  Mammalian  ovum. 
The  ‘germinal  vesicle,’  or  ‘germ-cell,’ 
disappears  as  such.  A somewhat  more 
opaque  ‘ embryonal  cell  ’ succeeds,  which 
may  be,  or  includes,  a combination  of  the 
nuclear  matter  of  the  sperm-cell  with 
that  of  the  germ-cell.  Then  follow 
the  initial  steps,  figs.  56.3-565,  which 
Barry’s  capital  discovery  showed  to  be  the  same  essentially 
in  Mammals  as  in  all  lower  animals ; and  the  entire  yolk  under- 
goes tlie  cleavage-process  in  its  combina- 
tion with  the  progeny  of  the  embryonal 
cell.  Most  of  these  initial  steps  are  taken 
in  the  course  of  the  impregnated  ovum 
through  the  oviduct. 

While  in  this  narrow  tube  the  ova  are 
rolled  to  and  fro  by  its  peristaltic  actions 
in  a transparent  fluid  more  or  less  abound- 
ing with  spermatozoa;  and  the  more  of 
these  get  access  to  the  yolk  the  more 
certain  and  complete  is  its  segmentation. 
With  the  formation  of  the  embryo-cell 
the  yolk  becomes  scparat  :-d  by  fluid  from  the  ‘ zona  pellucida,’ 
and  begins  to  rotate  therein,  as  indicated  by  the  arrows  in  fig. 

.'ioi  562  ; one  or  two  minute  granular  or  oil- 

like bodies  may  ap|icar  in  the  surround- 
ing fluid.' 

A division  of  the  jirimary  embryo-cell, 
with  mutual  repulsion  of  the  two  second- 
ary ones,  is  followed  by  cleavage  of  the 
entire  yolk,  through  attraction  round  each 
secondary  cell,  fig.  563,  of  the  |iArti- 
clcs  contiguous  thereto.  A repetition  of 
this  process  issues  in  the  four  divisions  of 
the  germ-yolk,  fig.  564  ; then  in  the  eight, 
as  in  fig.  565 ; and  so  on  until  the  whole  is  worked  up  into  a 

' cei.xi < T\i  IX.  fur  llif  luiinp  phrnamrnii  in  .Vocphiilii  ( Vuio  and  Anoilnn),  p.  iCS; 
in  p. 

\ 


Ovum,  more  »u1vanfeil  in  the  •■•vl- 

duel.  KAlibii;  mngu.  tlUiii. 

ctxxi". 


0%'um  Uh*  imriiic  h»if  «»l  liie 
orldnrt,  ICaIiIiK  ; XWidUuu, 

tfl.-Xl'’, 
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Ovnm  fri»tn  otrrhtr  «*f  cu«-  orklart,  with  the 
••liiSUoit  of  « Ujr'rot  ii6um«*u,  ILal^bic; 
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mass  of  6nely  nucleate  corpuscles ; amongst  which  the  qualities 
of  the  parent  embryo-cell,  due  to  impregnation,  are  thus  equally 
distributed. 

The  eight-fold  cleavage  of  the  yolk  has  been  observed  three  days 
after  impregnation  in  the  Rab- 
bit,  four  days  in  the  Guinea- 
pig,  and  ten  days  in  the  Bitch : 
always  in  ova  toward  the  ute- 
rine end  of  the  Fallopian  tube. 

In  the  Bitch  the  smooth 
surface  of  the  zona  pellucida 
becomes  irregularly  flocculent, 
as  if  a graniilo-mucous  sub- 
stance had  been  deposited 
thereon : in  the  Rabbit  the 
ovum  acquires  a thick  adven- 
titious layer  of  albumen,  fig. 

565,  a,  before  entering  the  ute- 
rus : in  the  Guinea-pig  the 
zona  continues  smooth  ; and, 
after  entering  the  uterus,  on  the  fourth  day,  it  grows  fainter  as 
the  mulberry  state  of  the  yolk  is  there  attaine<l,  and  it  disappears 
when  the  germ-mass  is  completed.  The  act  of  impregnation  being 
thus  consummated,  ulterior  changes  with  manifol<l  modifications 
attend  the  development  of  the  ovum  in  different  Mammalia. 

§ 399.  Development  of  Monotremata. — The  ripe  ovarian  ovum, 
though  large  in  proportion  to  that  in  higher,  especially  placental, 
Mammals,  is  very  much  less  than  in  Birds  or  Reptiles.  Its 
external  coat  is  thick,  smooth,  highly  refracting — a true  ‘ zona 
pellucida  ’ : the  germinal  vesicle  is  y^pth  of  an  inch  in  diameter : 
the  larger  proportion  of  vitelline  matter,  rich  in  granules  and 
oil  globules,  is  the  chief  distinctive  character  of  the  mono- 
trematous  ovum  as  a Mammalian  one.  I found  two  ovisacs 
with  such  mature  ova  in  the  left  ovary  of  a female  Omithorhyn- 
chus,  killed  in  September.  In  a specimen  killed  on  the  6th 
of  October  (Yas  River,  New  South  Wales),  the  left  ovary  pre- 
sented two  discharged  and  altered  ovisacs.  The  ova  from  these 
were  situate<l  at  the  upper  part  of  the  left  uterus,  and  at  the 
distance  of  about  a line  from  each  other.  Each  was  spherical, 
and  measured  two  lines  and  a half  in  diameter ; the  genn-mass, 
originally  pale,  had  deepened  to  a yellow  colour  in  the  preserving 
liquor.  The  outer  tunic  had  received  no  adventitious  covering, 
but  retained  its  smooth  and  |X)lished  exterior,  and  had  not  con- 
tracted any  adherence  to  the  uterine  parietes.  Each  ovum  was 
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imbedded  in  the  soft,  tliick,  jdicated,  smooth-surfaced,  and  welt- 
organised  lining  membrane  of  the  uterus.  In  a second  Omitho- 
rbynebns,  shot  in  tlie  same  locality,  on  the  7th  of  October,  the 
ova,  fig.  566,  r,  c,  from  the  two  discharged  ovisacs,  ib.  b,  b,  were 

situated  a little  below 
the  middle  of  the  left 
uterus ; they  were  also 
spherical,  each  three 
lines  in  diameter,  of  a 
lighter  colour  than  the 
preceding,  specially  at 
the  upper  part,  from 
the  subsidence  of  the 
contained  vitelline  or 
germinal  mass : they 
were  smooth,and  rolled 
freely  out  of  the  posi- 
tion where  they  were 
lodged.  In  a third 

Left  ut«TU«  hnpremuled,Ortatlii.rh>»«“liU»-  LXXVIl'. 

specimen,  shot  on  the 
evening  on  which  the  first  specimen  was  obtained,  the  uterine  ovum 
had  the  same  spherical  form,  smooth  e.xtcrior  surface,  and  freedom 
from  connexion  with  the  uterus  ; but  was  of  a lighter  colour,  owing 
to  the  increased  quantity  of  its  fluid  contents,  to  which  its  greater 
size  was  chiefly  attributable.  It  measured  three  lines  and  a half  in 
diameter,  and  was  situated  in  a depression  or  cell  a little  below 
the  middle  of  the  left  uterus.  The  lining  membrane  of  the 
uterus  was  much  thickened  and  highly  vascular  in  each  of  the 
above  specimens.  In  all  these  ova  the  contents  were  of  two 
kinds,  viz.  a greyish  sub-transparent  fluid,  and  a yellowish  denser 
mass,  which  varied  in  their  relative  proportions  as  above-men- 
tioned : in  the  largest  ovum,  the  yellow  mass,  germ  or  yolk, 
occupied  about  one- third  of  its  cavity,  while  in  the  smallest  it 
constituted  four-fifths  of  the  whole  moss.  The  membrane,  which 
may  be  the  hyaliniou  or  ‘ zona  pellucida’of  the  ovarian  ovum,  but 
which  I would  still,  as  in  18.'14,  call  ‘ chorion,’’  otfers  a moderate 
degree  of  resistance  when  torn  open,  and  yields  equally  in  every 
direction  when  separated  from  the  yolk,  the  rent  margins  curling 
inwards  like  the  coat  of  an  hydatid.  This  membrane  is  of  a dull 
greyish  colour,  inclining  to  brown,  slightly  transparent,  and  more 
polished  ujkju  its  inner  than  upon  its  outer  surface.  The  fluid, 

‘ Tlii'i  lorm  tignilies  tlio  ‘outer  tuuic’ of  tlie  ntcriDe  ovum ; it  may  be  ' »ona ' or 
eoinelliiiig  laid  upon  the  zona,  or  something  superseding  the  zona,  such  as  the  animal 
layer  of  the  blast oilenn.a,  or  the  outer  or  vascular  layer  of  the  ulhintuis. 
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answering  to  that  which  appears  between  the  yolk  and  zona  pellu- 
cida  after  impregnation  in  the  Rabbit’s  ovum  (fig.  562,  marked  by 
the  arrows),  occupies  a situation  analogous  U>  that  of  the  albumen 
in  the  egg  of  the  fowl,  but  had  not  become  coagulated  by  the  action 
of  the  spirit  in  which  it  had  been  so  long  immei-sed : it  divides 
the  chorion,  fig.  567,  a,  from  the  vitelline  membrane,  ib.  b : this 
membrane,  fig.  568,  a,  is  thin,  smooth, 
and  transparent ; adherent  to  parts  of 
its  inner  surface  was  a thicker  granular 
layer,  answering  to  the  ‘ blastoderm,’ 
or  genninal  stratum,  fig.  568,  h.  In 
each  of  the  above  impregnated  Mono- 
tremes ' the  discharged  ovisacs,  fig. 

566,  h,  b,  were  of  an  elongate  flask- 
shaped form,  about  three  lines  in 
length,  and  two  in  diameter,  with  the 
margins  of  the  orifice,  through  which 
the  ovum  and  granular  substance  had 
passed,  everted,  with  a slight  contraction,  resembling  the  neck  of 
a flask,  below  the  aperture.  On  comjjressing  these  ovisacs,  small 
portions  of  coagulated  substance  escaj)ed. 

AVhen  longitudinally  divided,  they  were  found 
to  consist  of  the  same  parts  as  the  ovisac 
before  impregnation  ; hut  the  theca,  or  inner- 
most parietes  of  the  sac,  was  much  thickened, 
and  encroached  irregularly  upon  the  empty 
space,  so  as  to  leave  only  a cylindrical  passage 
to  the  external  opening. 

On  the  8th  of  December  Dr.  Bennett  dis- 
covered in  the  subterranean  nest  of  an  Orni- 
thorhynchus  three  living  young,  naked,  not  quite  two  inches  in 
length,  fig.  600.  On  the  12th  of  August  (1864)  a female 
Echidna  hystrix  was  captured  in  the  hollow  of  a prostrate 
‘ cotton  tree,’  in  Colac  Forest,  Victoria  Province,  Australia, 
having  a young  one,  fig.  60.1,  c,  with  its  he.ad  buried  in  a mam- 
mary or  marsupial  fossa,  ih.  c.  This  young  one  was  naked,  of 
a bright  red  colour,  and  one  inch  two  lines  in  length.  Between 
the  condition  of  the  uterine  ovum,  as  in  fig.  567,  and  that  of  the 
(probably  new-born,  or  recently  horn)  young  Monotremes,  above- 
mentioned,  I have  not  hitherto  receive<l  materials  for  further 
elucidating  the  development  of  the  fnetus  in  this  singular  group  of 
Mammals : whether  cleavage  of  the  yolk  takes  jilacc  prior  to  the 

' r.xxvii'.  I w»s  indebted  to  my  nlil  friend  and  follow-student,  Ououor  BiuSxe.Tr, 
now  F.R..S.  for  the  above  menlioniHl  epoeimena. 
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entry  of  the  ovum  into  the  uterus  still  remains  a matter  for 
ohservation.  The  young  of  both  Ornithorhynchux  and  Kctiidna 
will  he  described  in  the  chapter  on  the  Mammary  organs. 

§ 400.  Devrlopment  of  Marsupialia. — On  the  27th  of  An|;u.«t 
(1S33),  a female  Kangaroo  {Macropus  major),  captive  in  the 
Clardens  of  the  London  Zoological  Society,  received  the  male. 
She  stood  with  her  fore-paws  off  the  ground;  the  male  mounted. 
more  ennino,  embracing  her  neck  with  his  fore-paws,  and  retained 
his  hold  during  a full  quarter  of  an  hour : during  this  period  the 
coitus  was  repeated  three  times,  and  on  the  second  occasion  much 
fluid  escaped  from  the  vidva.  The  male  was  removed  frt»m  the 
female  in  the  evening  of  the  same  day,  and  was  not  afterwards 
admitted  to  her.  On  September  the  2nd,  six  days  after  the 
coitus,  I examined  the  pouch  of  the  female  ; and  this  scrutiny  was 
repeated  every  morning  and  evening  until  the  birth  of  the  young 
Kangaroo  had  taken  j)lace.  It  happened  in  the  night  of  October 
4,  thirty-eight  d.ays  after  the  coitus.  On  the  morning  of  the  5th 
of  October,  I found  the  young  in  the  jMmch,  pendant  from  the 
tip  of  the  left  upjKjr  nipple,  of  the  size  and  shape  shown  in  fig. 
600 ; it  will  be  described  in  a subsequent  chapter. 

The  ovarian  ovum,  in  the  Kangaroo,  agrees  in  all  essential 
points  with  that  of  placental  Mammalia:  the  main  nxHlification 
is  the  greater  proportion  of  vitelline  substance,  and  the  smaller 
j)rojH)rtion  of  the  surrounding  fluid  in  the  ovisac.  In  a female 
Macropiis  Parryi,  the  ovum  from  the  largest  ovisac  of  the  left 
ovarium  measured  Jj^th  of  a line  in  diameter,  the  germinal  vesicle 
.jljjth  of  a line  in  diameter.  We  are  at  present  ignorant  of  the 
changes  that  take  place  in  the  development  of  the  ovum  between 
the  period  of  imjiregnation  until  about  the  twentieth  day  of 
uterine  gestation.  At  this  time,  in  the  great  Kangaroo  {Ma- 
cropus major),  the  uterine  foetus,  fig.  537,  measures  eight  lines 
from  the  mouth  to  the  root  of  the  tail ; the  gape  of  the  mouth  is 
wide ; the  tongue  large  and  protruded,  fig.  5G9 ; the  nostrils  are 
small  round  aj)crtures ; the  eyeball  is  not  yet  wholly  defended 
by  the  palpebral  folds ; the  visceral  cleft  reiluced  to  the  meatus 
auditorius  extermis  is  not  provided  with  an  auricle ; a posterior 
cervical  fissure  was  cither  unclosed,  or  the  delicate  cicatrix  had 
given  way  in  the  manipulation  of  the  foetus.  The  fore-extre- 
initics  are  the  largest  and  strongest ; they  arc  each  tenninated 
by  five  well-marked  digits;  those  of  the  hind  legs  are  not  vet 
developed.  The  tail  is  two  lines  long,  thick  and  strong  at  the 
commencement ; impressions  of  the  rihs  are  visible  at  the  sides  of 
the  body : the  membranous  tube  of  the  spinal  marrow  may  be 
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traced  along  the  back  between  the  ununited  elements  of  the 
vertebral  arches ; jKJsterior  to  the  umbilical  cord  there  is  a small 
projecting  penis,  and  behind  that,  on  the  same  prominence,  is  the 
anus.  This  foetus  and  its  appendages  were  enveloj)cd  in  a large 
chorion,  ib.  i,  puckered  up  into  numerous  folds,  some  of  which 
were  insinuated  between  folds  of  the  vascular  lining  membrane 
of  the  uterus,  but  the  greater  iM)rtion  was  collected  into  a 
wrinkled  mass.  The  entire  ovum  was  removed  without  any 
opposition  from  a placental  or  villous  adhesion  to  the  uterus. 
The  chorion,  fig.  567,  a,  a,  was  extremely  thin  and  lacerable,  and 
showed  no  trace  of  villi  on  the  outer  surface.  The  membrane, 
ib.  h.,  extending  from  the  umbilicus  to  the  inner  surface  of  the 
chorion,  was  highly  vascular.  The  foetus  was  immediately  enve- 
loped in  a transparent  amnios.  On  turning  the  chorion  away  from 
the  fffitus,  it  was  found  to  adhere  to  the  vascular  membrane  ; but 
they  could  be  separated  from  each  other,  without  laceration,  for 
the  extent  of  an  inch ; at  this  distance  from  the  umbilicus  the 
adhesion  was  closer : and  here  the  umbilical  membrane  termi- 
nated in  a well-defined  ridge,  formed  by  the  trunk  of  a blood- 
vessel. "When  spread  out,  as  at  b,  b,  fig.  569,  its  figure  wa.s  that 
of  a cone,  of  which  the  ai>ex  was  the  umbilical  cord,  and  the 
base  the  ‘ vena  termiualis.’  Three  vessels  diverged  from  the  um- 
bilical cord  and  ramified  over  it.  Two  were  continuations  of 
the  terminal  or  marginal  vein  : the  third  was  the  arterial  trunk. 
The  amnios,  ib.  c,  was  reflected  from  the  umbilical  cord,  and 
formed,  as  usual,  the  immediate  investment  of  the  fa'tus. 

The  umbilical  cord  measured  two  lines  in  length  and  one  in 
diameter:  besides  the  three  vessels  above-mentioned,  it  included 
a small  loop  of  intestine  ; and  from  the  extremity  of  the  latter  a 
filamentary  proce.«s  w.as  continued  to  the  vascular  membrane.  On 
tracing  the  contents  of  the  cord  into  the  abdomen,  the  two  larger 
vessels,  filled  with  coagulated  blood,  were  found  to  unite;  the 
common  trunk  then  passed  backward  beneath  the  duodenum,  and 
after  being  joined  by  the  mesenteric  vein,  went  to  the  under 
surface  of  the  liver,  where  it  penetrated  that  visciis : this  was  con- 
sequently an  omphalo-mescnteric  or  vitelline  vein.  The  artery 
was  a branch  of  the  mesenteric.  The  membrane,  therefore,  upon 
which  they  ramified  answered  to  the  vitellicle,  i.  e.  the  va.scular 
and  mucous  layers  of  the  germinal  membrane,  which  spreads 
over  the  yolk  in  oviparous  animals,  and  which  constitutes  the 
so  called  ‘ umbilical  vesicle’  of  the  embryo  of  placental  ^lain- 
malia.  The  filamentary  pedicle  which  connected  this  membrane 
to  the  intestine  was  given  off  near  the  end  of  the  ileum. 
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At  a later  period  of  uterine  development,  when  the  foetus, 
measured  in  a straight  line  from  the  moutli  to  the  nx>t  of  the 
tail,  is  ten  lines  in  length,  the  uracduis  expands  into  a small 
allantois,  tig.  569,  d,  of  a tiattened  pyriform  figure,  and  finely 

j)69 
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wrinkled  external  surface.  This  bag  insinuates  itself  between 
the  amnios  and  chorion,  carrying  along  with  it  two  small  hyjio- 
gastric  arteries  and  a vein,  hut  not  c.stablishing  by  their  means  an 
organised  and  vascular  surface  of  the  chorion  by  which  a placental 
attachment  is  formed  between  the  ovum  and  the  w’oinb.  The 


Digitized  by  Google 


DEVELOPMENT  OF  MARSUPIAMA. 


721 


nllantois  depends  freely  from  the  end  of  the  umbilical  cord,  and 
has  no  connection  at  any  part  of  its  circumference  with  the 
adjoining  membrane.  Its  office,  as  in  the  Batrachia,  is  apjtarently 
limited  to  that  of  a receptacle  of  urine.  The  vitellicle  or  ‘ um- 
bilical vesicle’  presented  the  same  large  proportionate  size  and 
vascular  structure  as  in  the  first  described  fuetus.  The  chorion 
which  enveloped  this  foetus  and  its  appended  sacs  was  adapted  to 
the  cavity  of  the  uterus  by  being  disposed  in  innumerable  folds 
and  wrinkles.  It  did  not  adhere  at  any  part  of  its  surface  to  the 
uterus,  but  presented  a modification  not  present  in  the  chorion  of 
the  earlier  foetus,  in  being  partially  organised  by  the  extension  of 
the  omphalo-mesenteric  vessels  u[>on  it  from  the  adherent  vitel- 
licle. The  digits  of  the  hind  legs  were  distinctly  formed  in  this 
embryo. 

In  some  smaller  kinds  of  Kangaroo  an  ovum  from  each  ovary 
may  be  impregnated,  and  two  embryos  be  simultaneously  devc- 
loj)ed. ' 

Rengger  gives  the  following  account  of  the  generation  of  a 
species  of  0[K>ssum  {Didelphit  Azaree): — ‘ The  foetuses  are  deve- 
loped in  the  cornua  uteri,  and  not  in  the  lateral  canals.  Some 
days  after  impregnation  they  have  the  form  of  small  round  gela- 
tinous corpuscles,  which  do  not  appear,  even  when  examined  with 
a lens,  to  have  any  communication  with  the  mother,  but  a red 
line  indicates  the  first  commencement  of  development.  Towards 
the  end  of  gestation,  when  the  fa-tuses  have  attained  the  length 
of  six  lines,  they  are  seen  to  be  enveloped  in  a membrane  and 
provided  with  an  umbilical  cord,  which  is  united  to  the  uterus  ’ 
(chorion  ?)  ‘ by  the  medium  of  many  filaments.  The  head,  the 
four  extremities,  and  tail  are  recognisable  with  the  naked  eye, 
but  those  foetuses  which  are  nearest  the  Fallopian  tubes  are 
generally  least  advanced.  In  gestation  they  make  the  circuit  of 
the  lateral  canals,  in  which  they  are  found  to  be  deprived  of  their 
foetal  envelopes,  and  to  have  no  communication  with  the  parent 
by  means  of  the  umbilical  cord ; whilst  one  foetus  was  found  in 
this  situation,  two  others  were  still  in  the  body  of  the  uterus  ’ 
(vaginal  cul-de-sac?),  ‘from  which  the  umbilical  cords  were 
not  yet  detached.  At  this  period  a slight  enlargement  of  the 

' Two  harp  not  found  in  the  same  uterua.  Mr.  Collie,  .Surgeon,  R.X.,  atatea, 
* I hare  just  now  procured  gravid  uttri  (of  the  \facropu^  Brunii)  in  which  twofcptueea 
t^m  to  be  arrivi*d  at,  or  very  near  to,  the  termination  of  the  period  of  gestation. 
One  of  them,  which  was  about  one>half  latter  than  the  body  of  the  I'ommon  wa^p,  has 
protnided  through  an  opening  inadvert*  ntly  made  in  the  uteru:*,  and  is  distinctly  seen 
throngh  its  transparent  membranes  and  the  liquor  amnii.'— * Zoological  Journal,'  rol. 
T.  p.  240. 
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uterus  and  lateral  canals  was  tlie  only  change  perceptible  in 
them.’' 

As  accomplished  Naturalists  continued  to  believe  and  affirm 
that  the  young  of  the  Marsupialia  ([uitted  the  womb  and  were 
received  into  the  pmeh  ‘ in  the  condition  of  a gelatinous  ovum 
comparable  to  a Medusa,’  ’ I deemed  it  reejuisite  to  anatoniiM- 
thc  rare  instance  of  the  uterine  fmtus  of  the  Kangaroo,  in  onler 
to  demonstrate  the  conditions  of  the  resjnratory,  circulating, 
digestive,  and  renal  systems.  ‘ From  the  cxcum,  which  wa* 
given  off'  from  the  returning  portion  of  the  umbilical  h>op  of  the 
intestine,  the  large  intestine  passed  backwards  to  the  spine,  and 
was  then  bent,  at  a right  angle,  to  go  straight  down  to  the  ana*. 
The  stomach  did  not  present  any  appearance  of  the  sacculatftl 
structure  so  remarkable  in  the  adult,  but  had  the  simple  form  of 
a carnivorous  stomach.  The  liver  con.sisted  of  two  large  equal 
ai\d  symmetrically  disposed  h)bes.  The  vena  jHirta;  wa.s  formed 
by  the  union  of  the  vitelline  with  the  mesenteric  veins.  The 
dia|)hragm  was  perfectly  formed.  The  vena  cava  inferior  w.a- 
joined,  above  the  diaphragm,  by  the  left  superior  eava,  just  at  its 
termination  in  a large  right  auricle.  The  ventricles  of  the  heart 
were  completely  joined  together,  and  bore  the  same  projxirtion* 
to  each  other  as  in  the  adult, — a perfection  of  structure  which  is 
not  observed  in  the  embryos  of  ordinary  Mammaliii  at  a corre- 
sponding jyeriod  of  development.  The  pulmonary  artery  and 
aorta  were  of  nearly  the  same  proptrrtionate  size  as  in  the  adult: 
the  divisions  of  the  pulmonary  artery  to  the  lungs  were  at  least 
double  the  size  of  those  oliservable  in  the  emhryo-sheep  three 
inches  in  length  : the  ductus  arteriosus,  on  the  contrary,  wa* 
rcmarkaldy  small.  The  aorta,  |>rior  to  forming  the  descending 
trunk,  dilated  into  a bulb,  from  which  the  carotid  and  subclavian 
arteries  were  given  off.  The  lungs  were  of  equ.al  size  with  the 
heart,  being  about  a line  in  length,  and  nearly  the  same  in 
breadth  : they  were  of  a spongy  texture  and  of  a red  colour,  like 
the  veins,  from  the  quantity  of  bhayd  thej'  contained.  This  pre- 
cocious development  of  the  thoracic  vi.*cera  is  an  evident  |)rovision 
for  the  early  or  premature  exercise  of  the  lungs  as  respiratory 
organs  in  this  animal : and  on  account  of  the  simple  condition  of 
the  alimentary  canal,  the  chest  at  this  period  exceeds  the  aV)domen 
in  size.  The  kidneys  had  the  same  form  and  situation  as  in  the 
adult.  The  supra-renal  glands  were  half  the  size  of  the  kidneys. 
The  testes  were  situated  below  the  kidneys,  and  were  one-halt' 

' From  the  Annlysi*  of  Henirger's  ‘ Saugelliiere  vou  I’smguay’  in  the  Bulletin 
.‘Science*  Nut.  torn.  xxi.  [>.  469. 

’ KLXiv".  p.  342. 
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larger  than  those  glands,  the  superiority  of  size  depending  on 
their  large  epididymis,  with  the  adherent  remains  of  the  Wolffian 
bo<ly.  They  continue  within  the  abdomen  for  six  weeks  after 
uterine  birth.’’  The  nervous  system  alone  is  embryonic,  fig.  585. 

§ 401 . Development  of  Lissencephaln.  — In  Lyencephala,  of  which 
the  uteri  undergo  least  change  of  dimensions  during  the  charac- 
teristic brief  gestation,  those  tubes  have  the  definitely  organised 
and  persistent  lining  membrane  described,  pp.  679,  685. 

In  the  placental  Mammals  of  which  the  uteri  undergo  wholly 
or  locally  great  and  rapid  changes  of  size  and  capacity  the  lining 
of  the  incubatory  part  is  less  differentiated.  In  some  it  is  but 
remotely  allied  to  the  class  of  membranes  called  ‘ mucous  canals 
so  lined  are  habitually  traversed  by  the  matters  they  have  to 
convey.  The  transmitting  function  of  the  womb  is  seldom  exer- 
cised in  the  course  of  life,  with  long  intervals  of  rest:  its  lining 
has  a higher,  organising,  office : it  differs  from  mucous  mem- 
brane in  the  absence  of  ‘ submucous  areolar  tissue  ’ (p.  4.39, 
fig.  361,  c,  d),  or  any  such  medium  of  connection  with,  or  recei>- 
tion  of,  vessels  from  the 
muscular  coat : it  is  a 
pulpy  substance,  in  which 
corpuscles  or  nuclei  a- 
bundantly,  and  fibre-cells 
more  sj)aringly,  formify : 
it  receives  directly  from 
the  fleshy  substance  of  the 
womb  its  vascular  sup- 
j)ly  ; and  is  perforated  by 
the  minute  canals,  s|»ar- 
ingly  exuding  fluid,  termed  ‘ uterine  or  utricular  glands.’  A cili- 
ate  epithelium  may  be  distinguished  on  the  free  surface  in  most 
Mammals ; non-ciliate  cell-deposit  occupies  more  or  less  of  the 
‘ utriculi.’  These,  in  fig.  570,  are  indicated  by  the  pale  tortuous 

* p.  337  (1834).  Such  in  the  difficulty  of  giving  up  n stmogo  or  ‘ tolling'  state- 

ment, which  ha«  once  gainetl  currency,  tlisit  we  rend: — * I..C8  petits  no  so  <levcl»^|*pont 
corotne  tronlinaire  dans  hi  poche  uterine,  mnis  »ont  pnimptomonl  cxpulses  au 
dehors,  et  nais>sei)t  duns  un  elat  d’imperfectiuu  telle  qu'oii  ne  |h*uI  Ks  coni|*Hror  qu*i 
dcs  cm!»ryoiii»  a peino  ^haucht^s.  Co  sunt  des  petits  corps  gidatineux,  iiithrrues  ot 
incn|Kibles  do  inouveinent,  dont  les  divers  organos  ne  sont  pas  encore  distincts,  etdont 
rexistonco  soniil  im|8>^«iblc  si  la  nnlun*  11‘arait  as.sure  lour  conservation  par  doa 
moyens  parliculiers.*  cci.xv".  Kvoc  M.  Pouehei,  usually  so  ctinsoienliously  accurate, 
write-s : — ‘ Ia‘  pnxluit  do  la  g^nemtiou  (jui,  en  arrivant  la  [fir  yv/wcA),  n'oM  qu'un  simple 
ovule  encon*  haign^  do  fluides  iilhutnineux,  se  tmuvo  »up  les  U^tines.’  (rcxci". 
p.  262.  1841).  My  ohsenalions  ou  the  Kangaroo  were  confirmed  hy  those  of  Meig* 
on  the  Opossum  (cxt.xxtih".  1817). 
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lines  a b ; the  dark  fine  lines  represent  injected  capillaries,  con- 
tinued directly  from  the  fibrous  walls  of  the  uterus,  a c.  Such 
pulpy  vascular  substance,  compared  by  John  Hunteu  tc 
‘ coagulable  lymph,’*  is  rapidly  fomied,  readily  shed,  speedily 
renewed : it  grows  with  the  needs  of  the  growing  embryo  or 
foetus,  as  the  medium  for  bringing  into  requisite  relation  with  the 
circulating  system  of  such  the  mother’s  blood. 

In  the  uterus  with  a non-caducoiis  and  well-organised  lining 
membrane  the  chorion  or  outer  coat  of  the  ovum  continue? 
smooth  and  unvascular,  at  least,  until  the  foetus  and  appendage? 
have  advanced  to  the  degree  shown  in  fig.  569.  But  in  the 
deciduate  type  of  lining  substance  there  is  a reciprocal  preparation 

of  the  chorion  for  intimate 
connection  therewith  in  the 
form  of  villi,  or  long  fila- 
mentary vascular  proces- 
ses, extending  from  more 
or  less  of  its  outer  surface, 
fig.  571 , cho. 

In  the  very  small  pro- 
portion of  the  placental 
series  in  which  the  early 
phases  of  development  in 
utero  have  been  traced,  so 
much  diversity  has  been 
recognised  as  to  warn 
against  too  hasty  generali- 
sations. 

In  the  Rabbit,  before  the  ovum  enters  the  uterus,  it  has  received 
from  the  oviduct  additional  layers,  ib.  a,  b,  which,  either  in  com- 
bination with,  or  substitution  for,  the  hyalinion,  become  the 
medium  of  applying  the  capillaries  of  the  foetus  to  those  of  the 
mother  continued  into  the  decidua.  "When  the  foetal  appendages 
have  attained,  in  this  Rodent,  the  stage  they  exhibit  in  the  Mar- 
supial, fig.  569 — viz.  the  formation  of  the  amniotic  bag,  fig.  57 1 , a, 
the  inclosure  of  the  unconverted  germ-mass,  or  yolk,  by  a vascular 
vitellicle,  b,  and  the  out-budding  of  a small  allantois,  c — the  em- 
bryo is  by  no  means  so  far  advanced.  The  ventral  parietes  of  the 
thoracic-abdominal  cavity  are  not  formed,  the  bilocular  heart  is 

* In  the  indication  of  the  various  deBoahle  parts  of  this  deciduous  substance  a voca- 
bularj'  of  terms  hn«  been  created ; e.  g.  ‘ non-placont«l  uterine  mucous  membrane,*  • ute- 
roplacental mucous  membrane/  ‘ persistent/  or  ‘ non-deciduous  serotina/  * dtviduot;* 
serutina/  ‘ fimbnie  of  decidua  serotiua/  ‘uiembrana  decidua/  'decidua  reflexa,*  * mgs,* 
• tags.'  &-C. 
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exterior  to  it;  neither  lungs  nor  diaphragm  have  yet  appeared; 
the  parallel  columns  of  the  neural  axis  indicate  the  primary 
brain-vesicles,  by  receding  from  each  other  in  the  long  cephalic 
exjwnsion  ; a few  pairs  of  protovertebrse  show  their  beginnings 
at  the  sides  of  the  myelon,  and  there  is  no  trace  whatever  of 
limbs.  The  ovum  has  wholly  sunk  into  a bed  of  the  decidu- 
ously-developed  lining  substance  of  the  womb.  Before  the  Mar- 
supial stage  of  the  foetus  has  been  reached,  changes  have  taken 
place  in  the  environment  of  the  embryo,  and  the  growth  of  the 
abdominal  parictes  having  reduced  the  wide  aperture,  shown 
in  fig.  571,  c,  to  a navel,  the  embryo  with  its  amnios  has 
sunk  into  the  ritellicle,  the  trunks  of  the  vitelline  artery  and 
veins  becoming  concomitantly  elongated.  The  allantois  comes 
in  contact  with  that  part  of  the  chorion  beyond  the  ‘ vena  tcr- 
minalis,’  and,  having  fulfilled  the  main  purport  of  its  elongation 
by  tran.sporting  thereto  the  allantoic  or  so-called  ‘ umbilical  ’ 
vessels,'  it  collapses,  and  loaves  them  to  their  work  of  organising 
the  foetal  portion  of  the  placenta.  The  maternal  portion  is  dcvel- 
ope«l  upon  a whitish  area  of  the  inner  surface  of  the  uterine  horn 
at  the  side  where  the  raesometiy,  fig.  572,  </,  g,  is  attached.  The 
gravid  uterus  of  the  Rabbit,  ten  davs  after  pregnancy,  presents 
the  appearance  given  in  this  figure  : the  foetus  in  its  chorion  chiefly 
adheres  to  the  preformed  maternal  disc  at  the  mesometral  side,  as 
shown  at  rf:  it  is  not,  however,  lodged  in  a generally  e.xpanded 
segment  of  the  uterine  tube,  bnt  in  a special  dilatation  thereof, 
a|(|»ended,  as  it  were,  to  the  free  side  of  the  tube,  </,*  the  normal 
canal  of  which  continues  mainly  to  subserve  the  lodgment  of  the 
placenta.  Tliis,  in  the  Rabbit,  is  an  oblong  tubulated  di.se;*  I 
have  found  it  consisting  of  five  lobes  or  cotyletlons:  in  the  Hare 
it  is  more  compact  and  subcircular,  and  about  two  inches  in 
diameter  toward  the  close  of  gestation : the  inner  surface  and 
margins  are  red,  the  rest  yellowish  with  red  spots,  when  un- 
injected ; the  outer  surface  is  subconcave  and  uneven,  the  inner 

' This  is  an  ambiguous  term,  applied  to  dilferent  stmrtures  which  are  eonnected 
with  the  nnvel : e.  g.  to  the  ritellicle,  as  * umbilical  &ac  ;*  it«  res«eU  being distinguiahe«i 
by  the  Greek  term  for  naveL  I shall  here,  as  in  VoL  II.  (p.  263),  call  the  omphalo- 
ineM.*nt**ric  ress*  ls  * ritflline’  and  the  umbilical  re*»scU  ‘allantoic,’  in  pefmnoe  to  the 
two  primitire  bags  with  which  they  are  respectirely  connecte«i. 

* This  is  char4Cterif*tic  of  most  multiparous  e.  g.  Shrew,  fijj.  389,  u ; 

Rat,  XX.  rob  r.  p.  117,  nos.  3466,  3467  ; Gninea-pig,  ccxxn’'.  tab.  r.  fig.  10,  in  which 
the  normal  canal  of  the  uterus  is  obliterated  by  the  accumulated  deetdnous  substance: 
— 'Spater,  wenn  die  Flachcn  unci  Rander  des  Schleimhnutschwulstes  bereits  mitein* 
ander  rerschroolzen,  die  Hbble  des  Uterus  mil  dcr  sich  durch  fie  hiudurcliziebeoden 
Kpttbelialrohre  Terschwunden  ist,*  ib.  p.  30. 

’ XX.  ^^1.  r.  p.  168.  no.  3472. 
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allantois,  which  reaches  the  circumference  of  the  placenta : folds 
of  the  allantois  are  reflected  from  the  main  trunks  of  the  allantoic 
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surface  convex  and  tubercular.  The  navpl-string,  one  inch  in 
length,  expands,  after  reflection  of  the  amnios,  and  is  lost  in  the 
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vessels,  and  partially  divide  its  cavity.  The  chorion  receives 
vessels  from  the  vitellicle  as  well  as  from  the  allantois.  Gestation 
in  both  Hare  and  Rabbit  is  30  or  31  days:  but  the  new-born 
Hare  is  more  advanced,  the  eyes  being  open.  The  Rabbit  is 
born  blind. 

In  the  Guinea  pig  ( Caw/rt  Cobaya,  L.)  the  uterine  ovum,  when 
the  subdivisions  due  to  cleavage- process  have  coalesced  into  the 
germ-mass,  has  lost  the  hyalinion,  and  is  surrounded  by  the  cells, 
nuclei,  molecules,  so-called  ‘ epithelium,’  &c.,  formified  from  the 
fluid  of  the  amor|)hous  lining  matter  of  the  womb,  from  which 
the  impregnated  germ-mass  is  scarcely,  if  at  all,  distinguishable 
(5th  or  6th  day):  fluid  accumulates  in  the  centre  of  the  germ- 
ma.«s,  which  now  assumes  the  form  of  a cylinder  with  obtuse  ends, 
and  m-ay  be  said  to  be  lodged  in  an  ‘ utricular  canal  ’ of  the 
decidua.  When  this  substance  has  filled  the  part  of  the  uterine 
bom  containing  the  cylindroid  ovum,  the  end  of  this,  next  the 
mesoinetral  side,  begins  to  receive  vessels  from  the  decidua,  and 
to  be  attached  to  such  commencement  of  the  maternal  placenta : 
the  opj)osite  or  free  end  of  the  ovum  is  the  seat  of  the  initial  steps 
in  the  formation  of  the  embryo. 

The  cylinder  expands  into  a sphere  (12th  day),  the  remaining 
germ-mass  forming  the  wall  of  which  has  become  difl’erentiated 
into  a serous  or  ‘ animal  ’ layer  toward  the  centre  or  cavity  of 
the  ovum,  and  into  a peripheral,  ‘vegetal’  layer;'  both  expand- 
ing to  form  the  tunic  of  the  ovum,  everywhere  in  contact  with 
the  thick  surrounding  bed  of  decidua.  The  fundamental  structures 
of  the  embryo  rise  from  the  part  of  the  serous  layer  next  the  free 
side  of  the  uterine  horn,  and  project  into  the  cavity  of  the  ovum, 
toward  which  the  dorsum  of  the  embryo  is  turned.  A vascular 
layer  is  developed  between  the  serous  and  the  inner  side  of  the 
vegetal  layers,  the  normal  relations  of  the  primitive  germinal 
strata  being  thus  reversed.  Bloodvessels  extend  from  the  widely 
open  abdomen  or  ventral  surface  of  the  embryo  upon  the  vascular 
layer  of  the  ovum  ; and,  ns  the  growing  abdominal  walls  contract 
to  an  ‘ umbilicus,’  the  embryo  sinks  into,  or  enters,  the  cavity  of 
the  ovum,  with  which  it  is  in  communication  by  vitelline  vessels, 
fig.  573,  b,  defining  a vitellicle  by  the  ‘ vena  terminalis,’  ib.  c, 
(14th  day).  Very  early  a knob  of  nucleate  cells,  which  seem  to 
form  the  caudal  end  of  the  embryo,  are  developed  into  an  allantois, 
which  conveys  allantoic  vessels  to  the  attached  mesoinetral  side 
of  the  ovum,  to  ramify  in  the  maternal  placenta,  ib.  f,  there  formed 

* Tlio  microwopic  chanveterw  of  those  two  liiyors  are  given  in  figures  36  anJ  37, 
tab.  iii.  c<  i.xii". 
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out  of  the  accumulated  decidual  substance  (15th  day):  after 

fulfilling  that  office  the  allantois  disappears,  or  is  represented  br 
the  delicate  sheath  inclosing  the  trunks  of  the  allantoic  arteries 
and  veins,  ib.  d.  The  amnios,  a,  in  the  meanwhile,  has  been 
com|)leted : and  the  embiyo,  so  inclosed,  is  sus|iended  freelr 
within  the  cavity  of  the  vitellicle,  which,  by  disappearance  of  the 
primitive  vegetal  layer,  is  now  directly  surround^  by  a defiosit 
of  decidua,  fig.  573,  i,  becoming  thinner  as  the  foetus  and  its 
vitcllicular  membrane  expands  (17th  day).  Through  this  order  of 
deveIo])ment  it  seems  that  the  relative  position  of  the  embrvo  to  its 
appendages  is  the  reverse  of  that  in  the  Rabbit,  fig.  571.  The 
mesometral  mass  of  decidua  forms  a well-defined  thick  circular 
placenta,  ib.  f,  lobulated  on  the  inner  free  surface  by  furrows 
affecting  a radiate  but  anastomosing  disposition,  to  tbe  centre  of 

which  pass  the  allantoic  ves- 
‘ sels.  These,  however,  began 

on  reachiug  the  decidua,  to 
organise  a distinct  placental 
mass,  ib.  c,  which  might  be 
termed  the  foetal  {xirtion : it. 
however,  receives  maternal 
vessels  from  the  larger  and  first 
formed  decidual  placenta,  ib. 
f.  The  profiortions  of  these 
placenta:  become  reversed  as 
the  foetus  grows.  The  uterine 
veins,  before  quitting  the  pla- 
centa, form  an  annular  sinus 
around  the  portion  r,  and  then 
penetrate  the  decidual  parts,  f,  and  the  uterus.  The  allantoic 
vessels  also  ramify  not  only  in  c,  but  also  in  f,  between  the  lo- 
bules of  which  the  larger  blanches  pass  to  gain  the  jwrijihery. 

As  the  fetus  approaches  its  term  the  decidual  covering  of  the 
ovum  disappears,  or  is  reduced  to  mere  slircds  at  the  circum- 
ference of  the  jilacental  enlargement,  f,  which  is  now  much  re- 
duced in  size ; it  receives  into  a cavity  a raamiuilloid  process 
from  the  centre  of  the  fe-tal  placenta,  to  which  process  converge 
the  uterine  vessels  from  without  and  the  fetal  vessels  from 
M'ithin,  liefore  they  ramify  to  the  jieriphery.  The  vitellicle  still 
representa  the  chorion : its  arteries  form  a peripheral  ‘ circulus 
arteriosus,’  parallel  with  the  vena  terminalis  or  ‘ circulus  venosus,’ 
and  in  the  interspace  of  these  vascular  circles,  fimbriate  processes 
r^w  out  richly  supplied  by  vitelline  vessels  and  constituting  a 


Dl’KrmmmAtlrM'rtinTi  of  pmlrTTo  of  Ou1nr»*f>lir.  whli 
Ita  Titrlline  •lid  dcrldual  aiciubnDu«  mid  placrn* 
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third  kind  of  placenta  more  exclusive!}’  related  to  the  nutrition  of 
the  fffitus.  For  this  grows  so  quickly  and  becomes  so  large,'  that 
the  allantoic  placenta,  serving  both  for  respiration  and  nutrition, 
needs  the  help  it  obtains  through  absorption,  by  the  vitelline 
fringes,  of  the  uterine  nutrient  matter  in  which  they  are  bathed. 
The  umbilical  cord,  as  in  most  Rodents,  b very  short  and  thick. 

In  the  Aguti  the  decidual  placenta  is  still  more  reduced,  little 
more  than  the  originally  traversing  maternal  vessels  remaining 
on  their  passage  to  the  later  allantoic  placenta,  which  they  seem 
to  sus[>end  by  a central  part,  opposite  to  which,  on  the  other  side 
of  the  placenta,  the  foetal  vessels  proceed.  In  the  Rat  the  ma- 
ternal or  decidual  placenta  b cotyloid,  and  is  adapted  to  a small 
convex  process  of  the  centre  of  the  uterine  surface  of  the  button- 
shaped foetal  placenta;’  and,  as  in  the  Guinea-pig,  the  allantois, 
after  laying  the  foundation  of  the  latter,  speedily  disappears. 
The  like  happens  in  the  Water-vole,  in  which  the  fuetal  placenta 
b small  and  circular,  convex  toward  the  uterus  and  flat  toward 
the  vitelline  chorion,  which  has  its  attachment  limited  to  the 
central  part  of  the  placental  disc. 

In  the  Mole  and  Shrew  the  vitellicle  is  large,  and  supplies  the 
outer  envelope  of  the  ovum  with  vessels,  coalesces  with,  and  seems, 
indeed,  to  form  it.  The  allantois,  bending  to  the  dorsal  aspect  of  the 
embryo,  carries  its  vessels  to  that  part  of  the  amorj)hous  mass  of 
decidua  enveloping  the  ovum.  The  early  embryo  in  its  amnios 
thus  appears  to  be  suspended  by  opposite  poles  fonned  res|>ectively 
by  the  vitelline  and  allantoic  trunks.  The  allantoic  vessels  or- 
ganise the  fine  villi  of  the  foetal  placenta  in  a small  projiortion  of 
the  thick  deciduous  mass : this  in  the  growth  of  the  embryo  be- 
comes reduced  to  a subcircular  maternal  disc,  larger  than  the  foetal 
one,  which  b imbedded  in  its  central  concave  surface.  The  area 
on  the  peripheral  ajnvex  surface  affording  the  maternal  supply  of 
blood,  b small  in  projmrtion  to  the  placental  dbc.  The  terms  ‘foetal’ 
and*  maternal’  relate  to  the  source  of  the  main  part  of  the  vascular 
supply  of  such  divisions  of  the  discoid  placenta.  The  maternal 
vessels,  the  orifices  of  the  veins  being  conspicuous  on  the  area  of 
placental  detachment,  are  continued  into  the  allantoic  or  fcetal 
button,  and  the  villi  of  this  part  extend  into  the  decidual  part  of 
the  maternal  placenta.  Beyond  this  the  decidual  substance 
becomes  reduced  to  a very  thin  layer,  traceable  over  j«rt  of  the 
chorion.  The  convexity  of  the  maternal  placenta  b continued 
with  the  lining  of  the  uterus.  Such  lining  is  homologous  in  tbsue 

' Calliog  in  the  Guinea-pig  for  the  epecial  expansion  of  the  pelvis  shown  in  Vol.  II. 
p.  380,  fig.  246.  ’ XX.  toL  t.  p.  117,  no.  3467. 
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with  the  substance  lining  the  human  uterus,  but  is  firmer,  and  t^) 
no  part  can  the  term  ‘ mucous  membrane  ’ be  correctly  applie<L 
The  placental  disc  in  the  Tenrec  is  subcircular,  thickest  at  the 
j)eriphcry  ; in  all  other  essential  points  it  agrees  with  the  rest  of 
its  order.  The  main  peculiarity  of  Centetes  is  its  niultiparity.' 
F rom  four  to  six  foetuses  may  be  brought  forth  by  the  Herlgehog; 
from  twelve  to  twenty  b}'  the  Tenrec.  The  shape  of  the  placenta 
changes  in  the  course  of  utero-gestation  in  Insectivora.  When 
the  embryo  Hedgehog  is  from  half  an  inch  to  an  inch  in  length, 
it  is  enclosed  in  a cup-shaped  placenta,  as  in  a nest : this  is  sub- 
se(|uently  spread  out  and  flattened  by  the  growth  of  the  fictus, 
and  converted  into  a thin,  shallow  discoid  plate,  with  its  concavity 
applied  to  the  back  of  the  embryo,  and  with  the  central  part  of 
its  convex  surface  attached  to  the  uterus  : the  ‘ button  ’ lies  flat 
uixm  the  maternal  portion,  and  is  attached  by  a wider  surface  than 
in  the  Guinea-pig.  In  the  Mole  the  i)lacenta  is  a circular  disc  at 
the  early  period  of  gestation,  and  subsequently  becomes  an  oblong 
flat  band,  with  its  long  axis  parallel  to  that  of  the  foetus;  the  line.ar 
tract  of  the  uterine  surface  to  which  the  placenta  is  attached  shows 
a fine  areolar  structure,  penetrated  by  the  foetal  placentary  fila- 
ments, which  arc  often  brought  away,  as  in  the  Rat,  distinct  from 
the  maternal  structure,  like  the  foetal  cotyledon  in  the  Cow.*  In 
the  Hat(  Vesperttlio  noctuhi),  the  placenta  has  the  form  of  an  obtuse 
cone.  In  all  the  foregoing  insectivorous  mammals  the  vitellicle 
is  large.  But,  in  a frugivorous  YiaXi^Pteropus  metlius,  Temminxk), 

I found  the  vitellicle  shrunk  to  a reniform,  compactly  folded  bosly, 
which  lay  in  the  concavity  of  the  placenta,  between  it  and  the 
allantois;  the  placenta  was  subcircular,  discoid,  slightly  concave 
towards  the  foetus,  proportionally  more  convex  towards  the 
uterus.  The  foetal  villi  are  long,  delicate,  and  branched,  giving  a 
flocculent  a])pcarance  to  the  small  jwrtion  of  the  centre  of  the 
disc  by  which  the  foetal  placenta  is  attached  to  the  womb. 

Volant  Insectivora,  in  relation  to  the  exigencies  of  flight,  are 
commonly  uniparous.  The  uterus  of  Vespertilio  emarpiiiatns, 

* The  chief  of  the  alh'C<*<l  * jioints  of  difference*  of  the  Tenrec'u  placental  Ettructnre* 
from  thoAe  of  other  Inut  titvra,  in  * the  ubAoiice  of  a yelk'Sac,  of  the  alUntoi*  a»  a 
dintinct  hac,  and  of  any  mcnihmno  cither  decHlual  or  chorionic,  on  the  exterior  of  the 
ainnio}«*  (ertwu".  p.  291),  dejK*Dd  (grantings  the  conipcb  nc)*  of  the  observer)  on  the 
admitted  state  of  decom|»tsition  of  the  specimen  described  (p.  287):  the  * absence  of  a 
yelk'Sac/  moreover.  wouUl  point  from,  rather  than  toward,  ‘ marHupial  affinitieis'  in- 
aMinucIi  us  the  embryo  of  the  Kangaroo  is  chiefly  remarkable  for  the  large  nice  of  such 
•ac,  or  ‘ vit^dlicle.* 

* This  never  hapja'Da  in  the  quadnimanom^  placenta  ; and  the  difference  is  not 
affecteti  by  showing  that,  prior  to  severance,  the  foetal  placenta  is  ^mbined  with 
maternal  tes8«*ls  iu  the  Kat,  Mole,  Sic. 
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killed  June  20,  had  a single  foetus,  half  an  inch  in  length.  A 
female  of  Vespertilic  nnctula  produced,  on  the  23rd  June,  a young 
one,  with  an  umbilical  cord  two  inches  in  length.'  Judging  from 
observetl  dates  of  pairing,  the  gestation  seems  to  be  about  forty 
days.  The  chief  dift'erence  from  Insectivoru  is  in  the  larger  propor- 
tion of  the  placenta  fonned  by  the  long  arborescent  villi  organised 
by  the  allantoic  vessels : the  reduced  decidua  beyond  the  ma- 
ternal cake  may  be  traced  over  a great  jiart  of  the  chorion,  which 
receives,  as  in  other  Lisseucephala,  vitelline  vessels. ’ 

According  to  Carus,’  the  j)lacenta  of  the  Ai  {Bradppus  tridac- 
ti/liis)  is  divided  into  so  many  distinct  lobes,  as  to  resemble  the 
cotyledonary  condition  of  the  |daccnta  in  most  Ruminants  ; but 
there  are  uo  corresjwudiug  partial  thickenings  of  the  lining  sub- 
stance of  the  uterus  like  the  maternal  cotyledons  shown  in  fig.  54G. 
The  so-called  placentulic,  of  an  irregular  oblong,  subdepressed 
form,  from  to  less  than  ^ an  inch  in  diameter,  and  from  30  to 
40  in  number,  project  from  the  cndochorion,  or  inner  surface 
of  the  allantois,  into  the  interior  of  that  sac : they  are  richly 
supplied  with  allantoic  vessels : their  flattened  outer  surface  ap- 
plied, with  the  uniting  layer  of  chorion,  to  the  inner  surface  of 
the  uterus,  may  receive  therefrom  a medium  of  ramification 
of  maternal  vessels,  answering  to  a decidua  scrotina.  The  pro- 
bability indeed  is,  that  maternal  deciduous  substance  is  inter- 
blended  with  such  allantoic  lobules  of  the  Sloth,  as  is  the  case 
with  the  single  thin  oblong  placental  disc  in  Dasppus.  The 
genus  Manis  offers  a third  instance  of  the  extent  to  which  the 
temporary  structures  develoi)ed  for  the  behoof  of  the  foetus,  and 

’ The  mother  gimwe<l  the  coni  acrotfs  ami  ate  the  afterbirth. 

* A critic  of  XX.  vol.  V.  j»p.  140-45,  writet«: — ‘ The  delicate  ar>»on*«cent  npp«’amnce 
which  is  described  in  the  placenta  of  Pitroyu^  is  due,  in  all  likelihood,  to  the  prolonged 
maceration  in  spirit/  &c.  ccLXVji".  p.  ,310.  The  Hunterian  pre|»ar.ition  yioidinj;,  ac> 
cunling  to  the  Oxford  Professor,  th«  altove  description  (No.  3579,  Physiol.  St*ries)  U 
well  placed  for  illustration  of  this  alleged  influence  in  the  production  of  mtxliflcntions 
of  plm'ontal  structure.  Some  of  the  9|)ecimen5  hud  been  put  into  spirit  in  17>*>4,  thirty 
years  before  the  placentA  of  the  Pteropu*  was  so  treated  ; and  both,  t(^elhor  with  other 
Hunterian  pre|Minvtion«  of  phicentie,  bare  been  since  subject  to  eighty  years  of  ‘ nmeera- 
tion  in  spirit!*  But  there  wa.s  really  uo  need  to  assume  wj  s{>ecial  a Indiaviour  of 
a Hal's  afterbirth  under  mneemtion,  in  onler  to  show  that  ‘ this  placentnl  peculiarity 
brings  them,  AS  Linnaeus  did  bring  them,  into  the  same  class  as  the  Primatta*  (ccT.xvii". 
p.  310).  No  one,  now.  dreams  of  leaving  Bats  among  binU.  Perhaps,  however,  Hr. 
Ibdleston  may  mean  the  same  order  in  the  mammalian  class.  Bui  cerebral,  circulat- 
ing, osMsjus  and  gonenitive  characters,  eN|)ecinlly  those  of  the  male  orpins,  were  even 
the  placental  structures  so  similar  to  human  ones  us  ]>r.  li.  contends,  would  outweigh 
tliem,  and  1 btlieve  will  guide  all  unprejudietd  naturalists  in  juxta(>osiDg  the  winged 
with  the  terrestrial  Inscctivora,  and  in  ndegating  both  to  the  low  lissencephaluus 
8ubcla.ss. 

■ XLiii,  p.  21,  tab.  ix.  figs.  16-17. 
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cast  off  at  its  birth,  are  diversified  in  both  form  and  structure 
within  the  limits  of  a subordinate  natural  group  of  placental 
Mammals.  According  to  Sharpey,'  the  outer  surface  of  the 
chorion  is  reticularly  ridged,  like  the  inner  surface  of  the  human 
gall-bladder,  but  in  a finer  degree.  The  inner  surface  of  the 
uterus  exhibits  fine  low  ridges  or  villi,  not  reticulating  quite  so 
much  (qu.  with  more  open  meshes?).  The  chorion,  also,  presents 
a band,  free  from  villi,  running  longitudinally  along  its  concavity, 
and  there  is  a corresponding  bald  space  on  the  surface  of  the 
uterus.  The  ridges  of  the  chorion  start  from  the  margins  of  the 
bald  stripe,  and  run  round  the  ovum.  The  vitellicle  is  fusiform. 

The  sj^ecies  of  the  order  Druta  are  uniparous  as  a rule ; the 
foetus  attains  a relatively  large  size,  and  the  pelvis  has  a corre- 
sponding width. 

§ 402.  Development  of  Mutilata. — The  Cetacea  are  uniparous, 
and  still  more  remarkable  for  the  large  proportional  size  of  the 
young,  at  birth  : its  membranes  extend  from  the  division  of  the 
uterus  corresponding  to  the  impregnated  ovarium  into  that  of  the 
o])posite  side.  A general  short  verrucose  villosity  of  the  chorion 
Intus-susccpted  by  corresponding  alveolar  modifications  through 
decidual  outgrowths  of  the  lining  substance  of  the  uterus  performs 
the  placental  function : the  structure  is  least  developed  at  the 
terminal  blind  ends  of  the  chorionic  sac,  which  are  almost  smooth, 
an<l,  in  the  degree  in  which  the  diffused  placenta  is  thus  inter- 
rupted at  the  jKjles,  it  may  be  said  to  be  broadly  zonular.  The 
nmniotic  sheath  of  the  umbilical  cord  is  beset  with  small  pedun- 
culate corpuscles.’  In  flensing  a female  Whale  {lialeenn  mi/sti- 
celus),  harpooned  in  the  month  of  August,  a foetus  escapetl  from 
the  vulva:  it  mcasurctl  5 feet  4 inches  in  length  ; and  was  pro- 
bably far  from  the  full  time.  No  bony  pelvic  cincture  offers  a 
mechanical  obstacle  to  the  birth : and  the  exigencies  of  a hot- 
blooded  air-breathing  animal  sent  from  the  warm  womb  into — it 
may  be — an  arctic  sea,  call  for  muscular  |K>wers  equal  to  the  evo- 
lutions needed  for  maintaining  contact  with  the  nipple,  and  coming 
to  the  surface  to  breathe. 

Of  the  foetal  membranes  of  the  Sirenla  nothing  is  known. 

§ 403.  Development  of  Umjnlatn. — Here  no  envelope  of  the 
ovum  is  superadded  to  the  hyalinion  (‘zona  pellucida’).  With 
this  for  the  outer  covering  the  ovum  enters  the  uterus : it  is  im- 
pregnated in  the  oviduct,  where  it  meets  the  spermatozoa;  the  first 
stages  of  cleavage  go  on  there,  and  the  germ-mass  is  completed  in 
the  uterus.  In  this  process  the  hyalinion  thins  away,  and  finally 
' As  quotsd  in  cci.xx".  p,  1 12.  • xi.  vol.  t.  p.  200. 
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disappears.  A mass  of  albuminoid  matter  accumulates  around  the 
ovum,  a.s  in  Cavia,  but  is  whiter  in  colour.  It  affords  material 
for  imbibition,  and  the  germ-mass  becoming  fluid  at,  or  getting 
fluid  in,  the  centre,  expands  into  a hollow  sphere,  the  parietes  of 
which  become  differentiated  into  two  layers;  the  outer  one  seems 
to  answer  to  the  corresponding  lamina  demonstrated  by  Hunter 
in  the  germinal  area  of  the  chick ; the  other  to  the  inner  lamina 
of  the  same  area.'  Both  layers  consist  of  coherent  cells,  with  some 
difference  as  to  size  and  proportion  of  oil-globules. 

The  ovum  now  grows  rapidly  in  length,  its  op|>osite  poles  being 
prolonged  and  attenuated.  At  the  point  where  the  two  layers  or 
‘ membranes  ’ cohere,  the  embryonal  traee  appears,  its  long  axis 
extending  at  right  angles  to  that  of  the  ovum;  the  inner  or 
‘ mucous  ’ layer  is  so  continued  from  the  margin  of  the  abdominal 
depression  as  to  ‘ appear  of  itself  to  form  the  intestine,  existing 
prior  to  that  part  being  visible.’  * The  cephalic  expansion  and 
incurvation  seems  relatively  late  in  Ungulates.  Before  the  amnios 
is  complete,  and  when  the  back  of  tbe  embryo  is  still  covered  by 
the  peripheral  part  of  the  serous  layer,  when  but  three  j>airs  of 
proto  vertebral  nuclei  are  formed,  and  the  cephalic  ends  of  the 
myelonal  cords  are  only  beginning  to  diverge,  the  op|)ositc  end  of 
the  embryo  begins  to  bud  out  two  processes  at  right  angles  to  its 
axis,  which  soon  ex]>and  into  the  allantois.’  This  vesicle  rapidly 
extends  between  the  serous  or  animal  layer  forming  the  outer 
coat  of  the  ovum,  on  the  one  hand,  and  the  embryo,  amnion  and 
vitelliele,  on  the  other  hand  ; carrying  with  it  allantoic  vessels, 
and  becoming  coextensive  with  the  outer  coat.  With  this  ex- 

O 

pansion  that  outer  coat  disappears,  and  the  chorion  is  now  repre- 
sented by  the  vascular  layer  of  the  allantois  itself,  which  has 
become  distinct  from  its  inner  or  mucous  layer.  Meanwhile  the 
vitelliele  has  shrunk  to  slender  proportions,  its  communication 
with  the  intestine  being  reduced  by  growth  of  the  abdominal 
walls,  and  drawn  out  into  an  omphalo-mesenteric  duct.  The 
vascular  layer  of  the  allantois,  representing  the  chorion,  effects 
its  vascular  intus-susceptive  relations  with  the  uterine  lining  in 
various  ways.  In  most  Perisso-  and  a few  Artio-  dactyles  short 
villous  processes  bud  out  from  a greater  part  of  the  superficies  of 
the  chorion,  and  a co-extensive  minutely  alveolar  growth  of  the 
lining  substance  of  the  uterus  receives  them. 

Fig.  574  represents  the  foetal  membranes  and  appendages 

* XX.  vol.  V.  p.  20,  pi.  69,  fig.  7.  Ljiter  German  Kmhryologists  have  called  the  ono 
* serous  * or  * animal  ’ layer,  the  other  * mucous,'  * regetal  * or  ' organic  ’ layer ; hut  any 
of  these  terms  can  only  be  umlcrstwl  in  an  arbitrary  aenao.  Sec  Vol.  II.  p.  269,  fig.  133. 

* Ib.  p.  20.  * cci.xiii**.  p.  18  (in  the  roe-lmckl. 
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altaclied  to  part  of  the  abdominal  parietcs,  a,  b,  with  the  nrinarv 
bladder,  y,  the  female  orjrans,  z,  and  rectnm,7>,  o,  of  an  aborted 
foal.  The  membrane,  d,  d,  is  the  amnio.s  which  was  reflected  from 
the  umbilical  cord  to  inclose  the  fetus;  the  inner  concave  surface 
of  the  bag,  turned  toward  the  parts  of  the  foetus,  is  characterised 
by  the  finely  waved  disposition  of  the  amniotic  vessels.  Minute 


Fetal  inrmbraut**,  rxxit". 

filiform  processes  project  from  the  semus  surface  of  this  part  of 
the  cord.  The  urachus,  accomj)anying  the  umbilical  vessels 
(one  artery,  two  veins,  h),  opens,  or  expands,  into  the  cavity  of 
the  mucous  layer  of  the  allantois  at  r:  this  cavity  is  laid  o|H>n, 
showing  the  part  of  its  wall  reflected  upon  the  exterior  of  the 
amnios,  at  d d,  and  the  jtart  continued  over  the  interior  of  the 
vascular  layer  of  the  allantois,  or  chorion,  at  </  iji  a |s)rtion  of  its 
exterior  surface  is  shown  at  h.  The  und)ilical  vessels,  continued 
beyond  the  end  of  the  urachus  to  the  chorion,  seem  to  form  a 
prolongation  of  the  navel-string,  about  two  feet  in  length,  f, 
between  the  amnios  and  the  chorion,  around  which  part  of  the 
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corJ  tlie  inner  layer  of  the  allantois  is  reflected.  The  vessels  of 
the  outer  layer  branch  and  spread  themselves  over  it,  becoming 
capillaries  in  the  clusters  of  short  villosities,  and  thereby  brought 
intt)  the  requisite  contact  with  the  maternal  capillaries  in  the 
similarly  arranged  decidual  growths,  for  the  interchange  and 
reception  of  the  materiahs  and  elements  concerned  in  ffctal  nutri- 
tion. The  mucous  layer  of  the  allantois  lines  about  half  of  the 
amnio-chorionic  interspace.  Towards  the  latter  period  of  gesta- 
tion, the  renal  excretion  of  the  foetus  passing  from  the  bladder 
along  the  urachus,  deposits  near  the  allantoic  orifice  of  that  tube 
a thick  fluid  of  a reddish  colour,  of  an  urinous  odour,  and  which 
contains  uroerithrin  and  hippuric  acid.  The  small  oval  masses, 
from  the  size  of  a pea  to  that  of  a hen’s  egg,  sometimes  loose 
in  the  allantoic  cavity,  sometimes  adhering  to  its  inner  surface, 
are  inspissate<l  parts  of  the  allantoic  fluid ; they  have  received 
a special  attention  from  the  fanciful  import  once  a.ssigncd  to 
them  under  the  name  ‘ hipponianes.’ ' The  chorion,  being 
moulded  in  great  degree  upon  the  uterine  cavity,  is  produced 
into  two  ‘ cornua,’  but  they  are  not  co-extensivc  with  those  of 
the  uterus.  The  multiplication  of  the  vascular  surface  of  the 
chorionic  cornua  by  fine  and  deej)  plicw  indicates  the  degree  of 
the  jdacentary  function  assigned  to  these  ])rolongation.s.  In  fig. 
575  the  foetus,  m,  at  about  the  tenth  month,  is  shown,  cnvelo]>ed 
in  the  amnios,  n n : the  cntamniotic  part  of  the  navel-string,  o,  jt, 
is  continued  to  q,  r,  where  the  entallantoic  part  begins,  and  the 
allantois  is  reflected  from  its  urachal  jjedicle.  The  endochorionic 
j)artof  the  allantois  is  seen  at  s,  s;  a portion  of  the  exterior  of  the 
chorion  at  y is  part  of  the  left  uterine  horn  ; z is  the  ovary. 

The  gestation  of  the  Mare  is  eleven  months  and  a few  days ; 
she  brings  forth  standing,  and  is  fertile  to  the  fifteenth  vear, 
rarely  to  the  eighteenth.  The  horse  is  mature  at  the  fourth  year, 
and  its  average  or  usual  term  of  lile  is  thirty  years,  with  fair 
usiigc.  The  Ass  brings  forth  during  the  eleventh  month  of  preg- 
nancy, The  milk  appears  at  the  tenth  month : in  very  rare 
cases  the  ass  may  have  twins.  The  Mare  emits  a whitish  ad- 
hesive secretion,  ‘ per  v(dvam,’  during  the  period  of  heat.  The 
temporary  maternal  mo<]ification  of  the  uterine  lining  does  not 
come  away  with  the  foetal  membranes  at  birth,  but  is  either  ab- 
sorbed or  passctl  off  with  the  lochia.  The  usual  smooth  surface 
of  the  folds  of  the  uterine  lining  is  restored  about  six  months  after 
parturition. 

' Till'  true  nnturc  anil  positiuii  of  llio»c  laxlicii  wera  mail,,  known  b_v  Itaiiliniiton,  in 
eexe". 
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The  outer  surface  of  the  chorion  of  the  Tapir  is  beset  with 
short  linear  series  of  small  compressed  foliate  processes,  dividing 
into  from  three  to  six  leaflets,  ujMm  or  within  which  the  fa;tal 
ca|)illaries  ramify : the  inner  surface,  when  the  allantoic  nou- 
vascular  layer  or  endochorion  is  removed,  is  reticulate  through 
the  division  of  the  allantoic  vessels,  sending  off  the  capillaries 
to  the  foliate  villi. 

The  clustered  arrangements  of  the  placental  capillaries  is  more 
marked  in  the  Sow  than  in  the  Mare : when  uninjected  they 

375 


Impfcgnftted  ulfTUP  of  3lare.  cxxil'. 


appear  as  white  subcircular  spots  scattered  over  the  outer  surface 
of  the  chorion  : but  when  the  allantoic  veins  are  filled,  these  are 
seen  to  fom  plexules  in  the  centre  of  each  si>ot.  The  uterine 
veins  have  a corresjwnding  arrangement.  The  uterine  arterial 
capillaries  form  a fine  network,  the  meshes  receiving  the  villo- 
sifies  which  carry  the  fetal  arterial  capillaries ; whence  it  might 
seem  that  the  nutrition  of  the  fetus  was  eflected  principally  at 
the  |M)int8  of  contact  of  the  fetal  with  the  maternal  venules, 
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whilst  the  respiratory  process  took  place  at  the  surface  of  contact 
between  the  foetal  and  maternal  arterial  capillaries.  The  jteriod 
of  {gestation  of  the  domestic  Sow  is  about  four  months ; the  ol>- 
served  range  of  variation  has  been  from  101)  days  to  123  days. 
The  gestation  of  the  Hippopotamus  is  234  days.  The  pair  at  the 
Zoological  Gardens  at  Amsterdam  copulated  December  1,  and 
the  young  one  was  brought  forth  on  July  29,  next  following. 

Camelines  and  Chevrotains  ( Tragulus')  have  the  diffused  con- 
dition of  the  placenta  as  in  the  Mare  and  Sow,  with  some 
minor  modifications  of  villi  and  capillaries : the  vitelliclc,  as  in 
other  Kuminants,  is  relatively  smaller  than  in  Solipeds.  The 
urachus  dilates,  beyond  the  amnios,  into  a narrow  cylindrical 
sac  transversely  extended,  or  dividing  into  two  slender  cornua, 
entering  those  of  the  uterus ; it  consists  of  the  mucous  layer 
of  the  allantois,  is  usually  found  collapsed,  and  can  hardly  be 
inflated  at  the  last  month  of  pregnancy  in  the  Cow.  Laminated 
deposits  from  the  allantoic  fluid  are  occasionally  present,  like 
those  called  ‘ hip{)omanes  ’ in  the  Mare.  A much  smaller  pro- 
portion of  the  space  between  amnios  and  chorion  is  thus  occu- 
j)ictl  in  the  Ruminants  than  in  the  Equidee,  and  i)robably  other 
Perissodactyles. 

The  villi  of  the  chorion  are  developed  in  horned  Ruminants 
on  detached  and  limited  localities,  corresponding  with  the  pro- 
minences of  the  lining  substance  of  the  uterus,  fig.  546,  from 
which  the  deciduous  maternal  parts  of  the  j)laccnta  grow.  The 
surface  of  these  caruncles,  previously  smooth,  now  buds  out  into 
reticulate  processes,  moulding  themselves  upon  the  chorionic  villi, 
and  forming  cavities  or  canals  for  their  inter-susception.  These 
outgrowths  are  homologous  with  the  ‘ decidua  serotina’  of  other 
Mammals,'  but  they  gain  a finner  texture,  and  usually  remain 
attached  to  the  uterus,  allowing  the  foetal  villi  to  be  withdrawn 
from  them  at  birth : they  are  afterwards  shed,  or  disappear,  the 
caruncle  resuming  its  smooth  and  even  surface.’  When  the  entire 
caruncle  happens  to  come  away,  it  is  not  reproduced  ; a smooth 
cicatrix  remains  ujwn  the  uterine  surface. 

M'herevcr  there  is  placenta  there  is  decidua.  The  special  and 
tcmjK)rary  work  of  developments  providing  capillary  superficies, 
whether  on  the  part  of  the  mother  or  foetus,  being  ended,  they 

* Tho  «tudt  nt  must  not  b<*  5i#sluced  into  accepting  too  nbrndatcly  Kschricht'a  dictum  ; 
— ‘quaruin  nlicri  placenta  uterinu  cudtiCH,  ultcri  non  catluca  cat/ 

* In  xcvi',  the  rarunclen  art*  called  ‘glandular  protulxTancea * (p  «)4I);  but  it  is 
precisely  on  that  part  of  the  uterine  lining  where  the  utricular  glands  are  want- 
ing; and  the  eminences  and  follicular  depressions  arc  peculiar  to  the  perioil  of 
gestation. 
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go ; tliey  may  not  be  thrown  off  together,  and  the  m.ntcmal 
decidua  may  not  be  shed  all  at  once,  but  in  successive  shreds  or 
tags.  The  long  gestation  required  to  bring  to  due  strength  the 
young  of  the  defenceless  hoofed  animals  before  birth,  is  the  con- 
dition of  the  firmer  texture,  better  organization,  greater  extent, 
and  more  persistent  character  of  their  ‘ deciduous  ’ structures. 

The  villi  of  the  foetal  cotyledons  offer  varieties  of  form  and 

mode  of  termination,  beauti- 
fully illustrated  by  Clift  in 
xxviii.  vol.  iii.,  tab.  CEXXI., 
and  indicated  by  Home,'  as 
follows : — 

• Bof — terrainales  r*nio*a> ; 

Crrmi*  „ indivisae  61iform^ : 

0r%9  „ „ villoflw: 

Capra  „ „ piloMP 

terms  which,  though  not 
strictly  accurate,  indicate  the 
degree  and  way  in  which 
generic  variety  manifests  it- 
self in  the  cotyledonal  modi- 
fication of  placental  struc- 
ture. 

About  eighty  cotyledons 
are  developed  from  the  chorion  of  the  Cow  \ the  surface  of  the 
large  uterine  caruncles  is  usually  flat  or  slightly  concave,  dhe 
gestation  of  the  Cow  is  about  nine  months  ^286  dajs),  with  a 
range  of  variety  of  about  twenty  days. 

In  the  Ked-deer  ( Cercus  elnjihiis)  gestation  is  eight  months  and 
a few  days : the  rut  is  usually  in  the  last  three  weeks  of  Sep- 
tember; the  birth  in  May  or  early  in  June.  The  fmtus  is  long 
confined  to  one  uterine  horn;  the  mucous  layer  of  the  allantois 
forms  a crescentic  bag,  tbe  horns  being  prolonged  into  both  those 
of  the  uterus  and  ending  obtusely:  it  contains  a milky  fluid, 
depositing  a sediment.  The  cotyledons  are  relatively  smaller, 
more  oblong,  and  much  fewer  than  in  the  Cow.  The  same  may- 
be said  of  the  Fallow-deer,  the  gestation  of  which  is  eight 
months,  lloth  species  of  Ccrvns  are  uniparous,  as  a rule.  The 
little  Roe-deer  usually  brings  forth  twins : sometimes  lioth  come 
from  one  ovary,  more  often  one  from  each.  The  gestation  here 
is  about  nine  months  (280  days).  The  rut  is  in  July  and  begin- 
ning of  August : impregnation  and  the  cleavage-process  goes  on 

* XN'IM  lit.  p. 


I'lirtlou  of  cliorloD  wUb  eoiylt^lou*.  Cow. 


Digitized  by  Google 


DEVKf.OPMENT  OF  IIXGULATA. 


739 


as  usual,  and  the  ovum,  ■with  completed  germ-mass,  has  been 
found  in  uteru  August  16:'  here  it  lies  with  uncoated  hyalinion 
until  the  latter  half  or  end  of  December : the  germ-mass  remain- 
ing four  months  in  a quasi-torpid  state.  Development  is  then 
resumed,  and  the  young  are  brought  forth  at  the  end  of  April  or 
beginning  of  May.  The  contiguous  ends  of  the  two  elongated 
ova  overlap  each  other,  and  as  gestation  advances  the  contiguous 
parts  of  the  exochorion  blend  together ; but  each  foetus  retains 
its  own  unvascular  allantoic  bag  and  amnios. 

In  the  Giraffe  there  are  two  kinds  of  foetal  cotyle<lon8:  the 
larger  or  normal  ones  are  in  longitudinal  rows  corresponding  with 
the  disposition  of  the  uterine  caruncles : they  have  mostly  a 
reniform  figure,  attached  to  the  chorion  by  a contracted  base : 
the  terminal  branches  of  the  component  villi  are  finer  than  those 
in  the  Cow,  and  more  resemble  those  in  the  Deer.  The  smaller 
cotyledons,  of  irregular  form  and  varying  size,  project  from  the 
outer  surface  of  the  chorion  in  the  interspaces  of  the  rows  of  the 
larger  ones : their  villi  are  proportionally  shorter,  and  in  the 
smallest  ones  simple  and  unbranched,  indicating  a transitional 
step  to  the  diffused  villosity  in  the  small  Musk-deer.  I counted 
180  cotyledons,  large  and  small,  on  the  chorion  of  the  Giraffe: 
the  umbilical  cord  is  above  a yard  in  length. 

A male  and  female  Giraffe  paired,  April  1,  18.38,  and  again  on 
the  following  day,  after  whieh  the  female  lost  the  disposition  to 
receive  the  male;  on  June  10,  1839,  the  udder  began  to  enlarge, 
and  on  June  19  the  young  (a  male)  was  born,  444  days  after  the 
second  coitus.  The  same  Giraffes  paired  on  ilarch  12,  1840,  and 
after  a gestation  of  431  days  a young  male  was  born.  In  each 
case  the  female  stood  during  parturition : the  fore-legs  of  the  foetus 
first  appeared,  the  head  and  body  followed,  the  mother  stooped 
behind  to  deposit  her  burthen  safely.  In  half  an  hour  the 
young  one  made  efforts  to  rise,  and  in  an  hour  after  birth  it  stood 
upright.  It  was  bom  with  horns  in  structure  and  relative  size 
like  those  of  the  dam,’  and  is  the  only  horned  ruminant  that 
acquires  these  weapons  before  birth.  Concomitantly  with  the 
long  period  of  gestation  is  the  unusually  large  size  of  the  new- 
born vounff,  which  measured  from  the  muzzle  to  the  root  of  tlie 
tail  six  feet  ten  inches  ; from  the  base  of  the  scapula  to  the  end 
of  the  fore-hoof  five  feet.  The  enemies  to  which  such  a young 
Alammal  might  fall  a prey  in  its  native  African  wilds  indicate  the 
conditions  of  the  unusual  strength  acquired  during  the  long 
gestation. 

' Cfi.xiu".  Ji.  10,  1bI>.  i„  fid.  8.  • ivxxvi".  J>1.  1. 
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Tlic  varieties  of  placental  structures  and  modifications  in  the 
Ungulate  group  are  not  yet  exhausted.  The  chorion  of  the 
Elephant,  fig.  577,  a,  a',  d,  at  about  the  middle  of  tlie  period  of 
gestation,  forms  a transversely  oblong  sac,  2 feet  G inches  in  long 
diameter,  and  1 foot  4 inches  in  short  diameter,  encompassed  at 
its  middle  part  by  an  annular  placenta,  ib.  h.  It,  2 feet  G inches 
in  circumference,  varying  from  3 to  5 inches  in  breadth,  and  from 
1 to  2 inches  in  thickness : it  is  partially  divided  by  u]>]>osite 
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constrictions  into  two  moieties ; It  presents  the  same  spongy  tex- 
ture as  does  the  annular  jilacenta  of  the  Carnivora ; but  the 
laminate  villosities  enclosing  the  fu'tnl  filaments  enter  into  its 
formation  in  a larger  projiortion,  and  are  of  a relatively  coarser 
character.  The  greater  part  of  the  outer  convex  surface  of  the 
jilaccnta  is  smooth ; the  rough  jiart  se|>arated  from  the  serotine 
jmrtion  occupied  a narrow  tract,  c,  c.  A thin  hrown  deciduous 
layer  is  continueil  from  the  bortlers  of  the  jilaccnta,  fiir  a distance 
varying  from  1 to  3 inches,  iijion  the  outer  surface  of  the  chorion. 
Flattened  folds  of  a similar  substance  could  be  raised  from  some 
jiarts  of  the  surface  of  the  jilaccnta ; at  other  parts  the  substance 
formed  irregular  fibrous  bands,  the  fibres  extending  in  the  direction 
of  the  circumference  of  the  jilaccntal  ring.  The  outer  surface  of 
the  chorion  is  for  tlie  most  jiart  siiUKith  ; but  at  each  of  the  obtuse 
extremities  of  the  sac  there  was  a villous  and  vascular  subcircular 
jiatch,  d,  d,  the  villi  being  short  and  graniform,  Jtb  of  a line  in 
diameter,  or  less.  Thus  the  chief  jaiints  of  attachment  of  the 
chorion  to  the  uterus  are,  at  the  eijuator,  by  the  annular  jilaccnta. 
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aiul  at  each  pole  of  the  elongated  sac,  by  the  subcircular  villous 
]>atch.  The  umbilical  cord,y,  formed  by  one  venous  and  two 
arterial  trunks,  and  by  the  slender  neck  of  the  allantois,  (j,  with 
the  connecting  cellular  tissue  and  the  covering  of  amnios,  is  short 
and  somewhat  flattened.  It  measured  about  6 inches  in  length, 
before  the  division  of  the  vascular  trunk,  and  about  3 inches  in 
circumference.  The  inner  surface  of  the  amnios  is  roughene<l  by 
brownish  hemispherical  granules,  from  1 line  to  -j-Vth  of  a line 
in  size,  commonly  about  half  a line ; the  outer  surface  is  finely 
wrinkled,  but  smooth.  The  bag  formed  by  tbe  mucous  or  un- 
vascular  layer  of  the  allantois  is  of  considerable  size,  is  continued 
from  the  base  of  the  umbilical  cord,  so  expanding  between  the 
chorion  and  amnios  as  to  ]>revent  any  part  of  the  amnios  attaining 
the  inner  surface  of  the  placenta.  The  allantois  divides,  where 
the  amnios  begins  to  be  reflected  upon  it,  into  three  sacculi : one 
extends  over  the  inner  surface  of  the  annular  placenta,  and  a 
little  way  into  one  end  of  the  chorion : a second  extends  into  the 
opjiosite  end  of  the  chorion,  it  there  bends  round  toward  the 
placenta,  and  its  apex  adheres  at  that  part  to  the  first  division  of 
the  allantois : the  third  prolongation  subdivides  into  two  smaller 
cavities,  each  terminating  in  a cul-de-sac,  encompassing,  and 
closely  attached  to,  the  primary  divisions  of  the  umbilical  vessels. 
The  line  of  adhesion  of  the  amnios  to  the  allantois,  where  it  is 
reflected  upon  these  cul-de-sacs,  measures  3 feet  6 inches. 

The  primary  branches  of  the  umbilical  arteries  and  vein  diverge 
from  the  umbilical  cord  in  four  divisions:  they  reach,  first,  the 
borders  of  the  placenta,  and  then  ramify  in  its  substance  and  upon 
the  inner  surface  of  the  chorion,  being  supported  there,  and  more 
or  less  surrounded,  by  the  layer  of  the  allantois  called  ‘ endo- 
chorion.’  Uj)on  the  endochorionic  vessels  are  develoj)cd  a number 
of  flattened,  oval,  or  subciieular  bo<lies,  e,  e,  of  a compact,  struc- 
tureless tissue,  varying  in  diameter  from  an  inch  or  more  to  half  a 
line.  On  separating  the  chorion  from  the  allantois,  these  bo<lie8 
were  fotmd  to  belong  entirely  to  the  latter  membrane : the  vessels 
ujH)n  which  they  seem  to  be  developed  pass  on  their  chorionic 
side,  the  bmlies  adhering  to  the  allantoic  side  of  the  sheath  of  the 
vessel : they  are  most  abundant  near  the  placenta,  and  become 
wilier  apart  as  they  approach  the  jK>les  of  the  chorion : 1 counted 
120:  the  smaller  ones  occur  on  the  free  duplicatures  of  the 
allantois  continued  from  the  umbilical  trunks : in  almost  every 
ca.se  they  arc  developed  on  the  course  of  the  large  vessels,  and 
are  restricted,  with  few  exceptions,  to  that  part  of  the  allantois 
which  is  in  contact  with  the  chorion.  Their  free  surface  is 
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sniuotli  and  polished,  not  villous  like  the  cotyledons  of  the  Humi- 
nantin ; from  which  they  likewise  differ  in  projecting  inwanl 
toward  the  cavity  of  the  allantois,  like  the  so-called  cotyledons 
of  the  sloth  : they  are  not  mere  precipitates  of  ins]>issated  nnatters 
of  the  allantoic  fluid,  like  the  ‘ hippoinanes’  of  the  Mare.  I 

A male  and  female  Indian  Elephant  paired  December  18,  1863, 
and  at  other  times  up  to  January  8,  1864,  when  they  were  kept 
apart.  For  twelve  months  there  was  no  conspicuous  increase  of 
the  abdomen:  after  that  j>eriod  it  was  obvious  to  close  inspection, 
on  the  left  side:  then  the  mammary  glands  enlarged,  with  slight 
occasional  oozing  of  milk ; and  on  August  3,  1865,  the  young 
was  born;  it  stood  2 feet  10  inches  high,  and  weighed  175  ll>s. 

Thus  the  period  of  gestation,  reckoned  from  the  date  of  first 
coitus,  is  503  days. 

The  Hyrax  has  an  annular  placenta  more  subdivided  than  in 
the  Elephant.  The  venous  blood  returns  from  it  at  three  places, 
the  centres  of  as  many  divisions  of  the  belt,  which,  however,  are 
continuous  by  thinner  portions  of  placental  substance.  The  villi 
are  imbedded  in  decidual  substance,  and  the  surface  of  its  attach- 
ment to  that  remaining  on  the  uterus  is  less  limited  than  in  the 
Elephant.  The  placental  zone  seems  relatively  tighter,  the  ends 
of  the  chorion  swelling  out  more,  than  in  Carnivora.  The  j>eri8so- 
dactyle  number  of  ribs — twenty-two  pairs,  the  simple  stomach 
and  complex  eiecal  structures,  the  hoofs  of  the  un symmetrically 
tetradactyle  fore-foot  and  tridactyle  hind-foot,  as  in  a larger 
extinct  hornless  rhinoceros,  the  close  repetition  of  dental  cha- 
raetei's  in  the  diminutive  existing  species,  not  merely  as  to  pattern 
of  grinding  surface  of  molars,  but  of  kinds  and  manner  of  growth 
of  all  the  teeth,  the  incisors  being  developed  as  in  Rhinoctros  in- 
eisivus,'  demonstrate  the  low  taxonomic  value  of  the  placental 
character,  according  to  which  the  Hyrax,  as  well  as  the  Elephant, 
would  be  cliissed  with  the  Carnivora. 

§ 404.  Development  of  Carnivora. — In  the  fu?tal  Cat,  about 
the  middle  of  the  pcriixl  of  gestation,  the  chorion,  fig.  578,  a,  a, 
is  a curved  arc  6 inches  in  long  diam.,  by  2 inches  in  short 
diam.,  with  obtuse  ends;  it  is  girt  in  the  middle  by  an  an- 
nular placenta,  5,  lA  inch  broad:  the  zone  is  concave  transversely 
within,  of  a mingled  grey  and  reel  colour  when  uninjected:  the 
chorion  on  each  side  of  the  placenta  is  slightly  folded,  and  of  a 
reddish  colour.  The  fetal  surface  of  the  placenta  is  lubulatetl : 

I 

* He  mu^t  hare  cmintwi  much  upon  the  ignorance  of  hi*  Auditors  or  remlrr*  who 
could  tithrin  thnt  tho  * Hyuax  ImugH  hy  rvs  mainly  by  the  |«tti*rn  of  its  molar 

teeth/  ccLXx' . p lU. 

V 

Digitized  by  Google 


DEVELOPMENT  OF  CARNIVORA. 


713 


the  maternal  placenta  or  serotine  decidua  is  present,  and  can 
be  separated  as  a distinct  layer.'  The  mucous  layer  of  the 
allantois  expands  from  the  uterine  extremity  of  the  umbilical 
cord  upon  the  vascular  layer  (chorion  or  exochorion),  forming 
broad  duplicaturee  about  the  allantoic  vessels  outside;  the  trunks 
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Foptu  wUIi  membrane  and  ptaccnta,  Cbt.  cxzii'. 


of  these  are  in  the  free  margins  of  the  folds,  and  at  the  opposite 
margins  the  folds  of  the  non-vascular  layer  of  allantois  recede  and 
spread  over  the  vascular  layer  or  chorion,  to  which  they  cohere. 
The  vitellicle,  d,  extends  into  the  pointed  horns,  f,  f,  between 
amnion  and  placenta,  at  right  angles  to  the  latter : it  is  attached 
hy  a slender  pedicle,  g,  to  a loop  of  small  intestine : it  usually 
contains  a yellowish  liquid,  with  some  small  loose  fimbriate  pre- 
cipitates. In  the  amniotic  liquid  crumbs  of  meconium  occur  to- 
ward the  end  of  gestation.  The  navel-string  is  very  short.  The 
Cat  is  in  heat,  for  about  ten  days,  before  she  is  a year  old ; and 
is  prolific  to  the  ninth  year:  bringing  forth  at  least  twice  a year 
in  the  wild  state,  and  three  or  four  times  in  domesticity.  The 

* XI.  Tol.  V.  p.  141,  no.  3665. 
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gei>tati<m  is  fifty-five  or  fifty-six  days;  and  she  brings  forth 
usually  from  four  to  six  young. 

In  the  Lioness  the  exterior  of  the  placenta  is  marked  by 
anfrartnosities  like  those  of  the  brain  ; the  inner  surface  is  divided 
into  small  irregular  convex  lobes  by  deep  sulcL  In  the  zonular 
]>laccnta  of  the  Dog  the  maternal  portion  cannot  be  defineel  and 
sc]>arated  as  in  the  Cat:  the  uterine  surface  to  which  the  placenta 
adheres  presents  a finely  reticulate  substance,  the  meshes  being 
fonned  by  orifices  of  ajiparently  utricular  glands,  aggregated  in 
the  interspaces  of  larger  alveoli,  scattered  over  the  surface  with 
intervals  of  between  half  a line  and  two  lines.  AVhen  the  fo?tus 
has  attained  a length  of  five  or  six  inches,  this  alveolar  decidua 
has  acquired  a thickness  which  makes  it  recognisable  as  the 
maternal  portion  of  the  placenta.  The  period  of  gestation  of 
the  Wolf,  Jackal,  and  Dog  is  63  days. 

A modification  of  the  annular  placenta,  analogous  to  that  in 
the  Elephant,  obtains  in  some  Carnivores,  c.  g.  the  Weasel  tribe 
(fig.  579,  Putorius  Furo)\  two  jwrtions  t)f  a subcircular  fonn, 
A,  n,  appear  as  a double  placenta,  but  they  are  united  by  a 
much  thinner  tract,  C,  also  receiving  ramifications  of  the  allantoic 
vessels.  The  umhilical  cord,  one-third  of  an  inch  in  length,  goes 
to  one  of  the  cotyledons,  whence  the  vessels  extend  to  the  other. 
The  omphalo-mesenteric 
duct  expands  into  a py- 
riform vitcllicle,  five  lines 
in  length.  The  Ferret 
produces  from  five  to 
eight  young ; she  has 
usually  eight  teats ; has 
a six-weeks’  gestation, 
and  produces  twice  a 
year.  In  the  Martens 
the  jilaccnta  is  undivi- 
ded {Mitstela  mnrtes,  M.  foina,  &c.);  the  decidua  serotina 
sinks  into  its  substance  along  a narrow  tract  at  the  middle  of  the 
outer  surface  of  the  zone,  as  in  the  Elephant : they  bring  forth, 
commonly,  twice  a year,  but  are  less  prolific  tlian  the  Weasels. 
The  navel-string  is  very  short:  the  allantois  is  more  elongate«l; 
a trace  of  vitcllicle  may  he  seen  in  a small  hilobed  yellowish 
])iitch,  uj)on  the  inner  surface  of  the  placenta,  where  the  navel- 
string  ends. 

In  the  Ilyasna  the  deciduous  substance  becomes  fuse«l  with 
the  chorionic  plaeeutal  pnicasses : it  is  miKlcrately  thick,  sjamgy. 


P<rtu«  M(1  PUc<«U.  P«l«nw  rKTD.  cxxti*. 
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tomatose,  non-coherent : the  foetal  processes  penetrate  cavities  in 
the  decidua  apparently  homologous  with  the  utriculi  of  the 
human  uterine  lining,  and  having  as  little  the  structure  of  true 
follicular  glands.  The  original  deciduous  capsule  of  the  ovum  is 
reduced  to  a very  thin  layer  of  mucous  substance,  exterior  to 
the  placental  zone. 

Seals  have  rarely  more  than  two  young,  and  more  commonly 
but  one,  at  a birth.  In  the  latter  case  the  foetus  and  its  mcin- 
hranes  are  limited  to  one  horn  of  the  uterus,  not  extending  into 
the  opposite  horn,  as  in  Cetacea.  The  placenta  is  zonular,  in 
four  or  five  continuous  or  connected  divisions.  In  Phoca  vitulina 
the  diameter  of  the  zone  parallel  with  the  long  axis  of  the  ovum 
is  between  two  and  three  inches.  In  parturition  the  sclerous 
tissue  of  the  symphysis  pubis  becomes  relaxed,  allowing  divarica- 
tion of  that  part  of  the  pelvic  arch,  which,  consistently  with  the 
reduced  hind  limbs,  is  smaller  than  in  land  Carnivores. 

The  gestation  of  the  Bear  ( U.  americanus)  is  seven  months  : 
the  young,  usually  two  in  number,  are  born  ns  well  shaped  as  in 
other  Carnivora,  but  are  more  naked : the  eyelids  are  closed,  and 
so  continue  for  about  four  weeks.  From  some  information  I 
have  received  respecting  the  Badger,  it  would  seem,  like  the 
Koc,  to  have  a long  gestation  in  proportion  to  its  size.  The 
young,  as  with  the  Bear,  are  blind  at  birth. 

§ 405.  Development  of  Quadrumana. — The  Makis  (Zem?/r)  have 
sometimes  one,  commonly  two,  rarely  three  young  at  a birth.  A 
pair  of  the  Lemur  albifrons,  captive  at  the  .lardin  dcs  Plantes, 
Paris,  copulated  December  2.3,  and  afterwards  repeatedly  for  five 
or  six  days  : the  female  brought  forth  April  13,  after  a gestation 
of  fifteen  weeks.  The  new-born  young  was  covered  with  very 
short  hairs,  and  had  its  eyes  open.' 

The  Marmosets  (Ilapaie  Jacchus)  resemble  I.,emur  in  the 
number  of  young : the  gestation  is  three  months : the  young  is 
naked  at  birth,  except  upon  the  head,  and  gets  clothed  in  three 
or  four  weeks.  In  Callithrix  sciureus  the  long  twisted  umbilical 
cord  is  chiefly  in  connection  with  a circular  thick  discoid  placenta : 
but  some  of  the  branches  of  both  the  two  arteries  and  two 
veins  extend  (as  it  seemed  to  Schroeder  von  der  Kolk)’  to  a 
smaller  and  thinner  circular  villous  tract,  like  a second  placenta 
at  the  opposite  end  of  the  chorionic  sac. 

The  Howler  {Mycetes  seniculus)  has  a single  placenta,  also 
circular,  discoid,  from  which  the  foetal  blood  is  returned  by  two 

* cci.xxvii".  p.  60. 

* Ib.  p.  65,  pi,  6,  fig.  1.  Kudolphi  found  the  placenta  single  in  HapaU  Jacchus. 
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umbilical  (allantoic)  veins:  the  cord,  as  in  Callithrix,  is  attache 
to  the  inar<iin  of  the  placental  disc.  Hapale,  Nocthora , CaUithr'^: 
and  other  small  kinds  of  Platyrhines  are  monogamous.  Lar^r 
jdatyrhine  Monkeys  (^Mycetrs,  Cebus,  e.g.)  are  polygamou# : 
three  or  four  females  are  usually  seen  with  one  male.  Cebus  k 
usually  iiniparoiis : the  gestation  is  five  months : the  placenti 

single,  discoid,  thick  ; the  umbilical  cord  with  two  veins  and  t»f 
arteries ; the  maternal  and  fcetal  portions  of  the  placenta  are 
expelled  together,  the  foetal  villous  part  does  not  come  away 
sej)arately,  as  is  sometimes  the  case  in  Littencephala.  The  villoui 
and  cellular  structures  are  still  more  intimately  blended  in  old- 
world  Quadrumana.  In  the  tailed  Catarhines,  which,  as  a rule, 
are  uniparous,  the  placenta  is  double,  the  two  being  distinct  and 
apart,  usually  disjjoscd  upon  the  right  and  left  sides  of  the  uterus. 
In  fig.  580,  where  they  are  exposed  in  the  green  Monkey  ( Cerco- 
pithecus  »ab<Eus)  the  following  parts  are  indicate : — a peritoneal 
coat  of  uterus,  b b muscular  coat,  b'  thicker  portion  at  the  cervix 
uteri,  c os  tinea,  d glandular  rugse  of  cervix,  e cavity  between 
cervix  and  decidual  lining  of  uterus,  ydecidua,  9 chorion,  h amnios, 

I umbilical  vessels  associated  in  groups  of  two  arteries  and  one 
vein,  on  their  way  to  the  cord,  k,  k amniotic  surface  of  the  two 
placent®,  m n amniotic  sheath  of  cord,  dissected  to  show  the 
two  arteries  and  one  vein : o clitoris,  q hair  covering  the  labix, 
r diverging  branches  of  umbilical  vessels  on  the  proximal  placenta, 
s,  s vessels  extending  to  the  distal  placenta  t,  v interpIacentaJ 
area.  In  the  pregnant  Macacus  rhesus  dissected  by  Hunter ' the 
two  placentae  were  contiguous,  and  each  of  more  oblong  form 
than  in  fig.  580.  The  placenta  shows  a combined  cellular  and 
filamentary  villous  structure.  The  filaments  include  thecapillary 
loops  of  the  fcetal  vessels : but  instead  of  lying  freely  in  alveolar 
cavities  of  the  maternal  placenta,  they  are  connected  or  entangled 
with  the  fine  cellular  structure  which  receives  the  blood  from  the 
uterine  arteries:  the  uterine  veins  have  stronger  and  more  definite 
eoats  than  in  the  human  placenta : the  decidua  is  also  denser  and 
more  coherent,  and  the  layer  between  the  uterus  and  placenta  is 
thicker.  Each  placenta  consists  of  smaller  lobes  united  at  their 
edges:  in  the  fissures  lie  the  veins,  or  sinuses,  from  which  the 
venous  branches  are  continued.’ 

In  Semnopithecus  nasicus  the  two  placent®  are  more  remote 
than  in  Cercopithecus,  and  the  distal  one  is  smaller  than  that  from 
which  the  umbilical  cord  is  continued : this  is  divided  into  five 
lobes.  Two  placent®  have  been  observed  in  a species  of  Hylohates-. 

* xciY.  p.  71.  * XX.  rol.  V.  p.  14d. 
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V>ut  in  the  Chimpanzee  the  placenta  is  sinirle.  In  all  old-world 
C^uadrumana  the  umbilical  vein  Ls  single,  !is  in  Bimana.  Where 
any  trace  of  vitellicle  has  been  detected  in  Quadritmana,  it  has 
been  veiy  small. 

§ 406.  Development  of  Bimann. — The  lining  substance  of  the 

580 


Inprfvn&t^  otmf,  plaoenu  and  fartoa.  CrrtvpUktcus  pubtnu.  ocLXZTtt". 

human  uterus,  when  an  ovum  is  impreffnated,  au^ents  in  thick- 
ness, fig.  570,  and  seems  to  degenerate  into  a pulpy  spongy  mass, 
into  which  the  ovum  sinks  on  entering  the  womb  : its  [Kjsition  is 
shown,  diagrammatically,  in  fig.  572,  B,  e : but  the  special  chamber 
in  which,  at  first,  it  lies  hwsely,  is  exhibited  in  fig.  581  : here, 
bristles  are  introduced  at  the  orifices  corrcs|)onding  with  those  of 
the  oviducts,  and  pass  out  at  the  beginning  of  the  cervix  uteri. 
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where  the  decitlua  ends.  The  utricular  canals  become  diiated 
ami  tortuous,  and  are  still  lined  (or  formed)  by  epithelial  cells: 
but  formifaction  is  active  in  the  production  of  diverse  defined  cor- 
puscles from  the  ‘granule’  up  to  the  colossal  ‘fibre-cells,’  fig.  416. 

At  the  fourth  or  fifth  month  the  decidua  becomes  condense*!  t<* 

a thinner  layer,  and  detachc*! 
from  the  muscular  wall  of  the 
uterus  by  a new,  soft  dej>osit, 
which  takes  on  the  utricular 
character  of  the  original  lining 
substance,  and  remains  after 
parturition. 

The  primary  changes  of  the 
impregnated  human  ovum 
have  not  been  observed.  It 
cannot  be  doubteil  that  the 
germ-mass  is  due  to  the  cleav- 
age jirocess.  Whether  the 
outer  coat  continues  to  be 
the  hyalinion  when  the  ovum 
passes  into  its  deciduous  nest ; 
whether  the  hyalinion  then 
gives  j)lace  to  an  expandcil 
‘ animal  ’ layer  of  the  blasto- 
derm ; or  whether  this  be  superseded  by  the  vascular  layer  *>f 
the  allantois— are  conjectural  ^wssibilities  suggested  by  observe*! 
facts  in  lower  Mammals,  and  awaiting  proof.  This  is  certain, 
that  when  the  amnion  is  completed,  the  intestine  formed,  and 
the  vac.ancy  of  the  ventral  walls  contracted  to  an  umbilicus,  the 
remnant  of  the  vitellicle  is  reduced  to  a crumjilcd  yellowish  sub- 
circular  corpns*de,  line  in  diameter,  adherent  to  the  outside  of 
the  amnion,  and  connected  with  the  intestine  by  a long  filamentary 
*)mphali>-mcscntcric  pedicle,  accompanied  by  a vitelline  vein  and 
arteries.  The  vascular  layer  of  the  allantois  has  formed,  or  *>r- 
ganisetl,  the  chorion  : its  unvascular  layer  is  disp*ised  like  asenius 
membrane  between  the  amnion  and  chorion,  and  maintains  a con- 
nection for  a time  with  a filamentary  urachus,  expanding  within 
the  pelvis  into  a urinary  bladder.  The  growing  ovum  pushes  the 
free  wall  of  its  decidual  chamber  into  the  uterine  cavity  (traverse*! 
by  the  bristles  in  fig.  581 ),  and,  filling  it,  reduces  it  to  a narrow 
‘ hydroperionic  sj)ace.’  The  layer  of  decidua  so  pushed  in  seems 
to  be  rcHectc*!  ujxtn  the  ovum,  and  is  termed  ‘ decidua  rellexa  ’ or 
‘ decidua  ovuli  the  thicker  layer  lining  the  womb  is  the  ‘ decidua 
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verii,’  or  ‘ tl.  uteri.’  Long  and  large  villi  extend  from  the  chorion 
into  the  decidua,  and  at  this  period  (latter  half  of  the  fir.st  month) 
there  may  he  traeed,  nj>on  its  inner  surface,  orifices  of  canals  that 
lead  into  the  uterine  sinuses.  The  maternal  blood  already  flows 
freely  into  the  maternal  chamber,  and,  after  ]>assing  everywhere 
among  the  villi,  is  returned  into  the  uterine  veins.  Thus  a tempo- 
rary ])lacenta  is  formed  analogous  to  the  diffused  form  described 
in  Cetacea  and  certain  Ungulata.  But  soon  the  villi  increase  in 
length  and  size  on  the  side  of  the  chorion  next  the  uterine  wall, 
and  decrease  on  the  opposite  side,  which  becomes  smooth  or  bald  ; 
this,  pressing  upon  the  hydropcrionic  space,  finally  obliterates  it, 
and  arrests  the  flow  of  blood  to  that  part  of  the  circumference  of 
the  chorion.  On  the  other  part,  next  the  uterine  wall,  a circular 
space  is  left,  like  a meniscus,  round  the  circumference  of  which 
decidual  growths  pass  from  the  uterus  to  attach  themselves  to  the 
chorion,  and  form  the  margin  of  the  true  placenta;  then,  as  the 
uterus  enlarges,  concomitantly  with  the  expansion  of  the  ovum, 
a decidua,  called  ‘ scrotina,’  is  reproduced  to  form  the  basis  of  the 
maternal  placenta,  from  which  septal  processes  extend  grouping 
the  develojKjd  villi  of  the  chorion,  or  fa'tal  placenta,  into  lobes. 
With  the  further  growth  of  the  placenta  these  lobes  become  usually 
more  and  more  confluent,  the  flctal  also  becomes  more  blended 
with  the  maternal  part,  until  a structure  results,  as  exposed 
in  the  section  of  the  placenta  and  jdaccntal  area  of  the  uterus, 
fig.  582. 

The  line,  m,  «,  indicates  the  extent  of  the  uterine  wall ; ud  is 
‘decidua  scrotina;’  f/y;  deciduous  septa,  p j)lacenta,  ch  chorion, 
nm  amnion,  vf  fmtal  blood-vessels,  v,  v villi,  «.«  uterine  venous 
sinuses,  a,  a uterine  ‘ curling  arteries.’  The  two  fa-tal  arteries 
(allantoic  or  umbilical)  communicate  by  a cross  branch  near  the 
placental  end  of  the  funis,  beyond  which  they  spread  in  large 
branches  over  a considerable  j>art  of  the  free  surface  of  the 
]ilaccnta,  and  subdivide  diehotomously  in  the  chorion,  two  or 
three  times,  before  they  penetrate  the  placental  substance  to 
ramify  in  the  villous  processes  called  ‘ placental  tufts.’  'J’he 
steins  of  these  are  riMited  in  the  chorion,  and  are  touirh  and 
fibrous.  Each  tuft  consists  of  an  outer  coriaceous  and  an  inner 
soft  tissue  : a distinction  which  is  continued  to  the  terminal  villi, 
fig.  .58.3,  as  shown  in  the  end  of  one  from  a stale  ]>laccnta  in 
which  the  inner  vascular  substance  had  shrunk  away  from  the 
outer  epithelial  sheath,  ib.  ./>.  From  the  third  to  the  sixth 
month  the  arteries  of  the  villi  terminate  in  a rich  capillary  plexus 
at  their  periphery,  ib.  a.  The  veins  from  the  capillaries  unite 
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to  accompany  the  arteries  along  the  centre  of  the  villi,  emerge 
from  the  substance  of  the  placenta,  about  sixteen  in  number. 


Rectlon  uf  buman  uierua  aju)  attarlicd  plarcnia  at  snli  wrek  of  gcatatlon,  cxiXlti*. 


with  a less  tortuous  course  than  the  arteries,  converging  to  the 
root  uf  the  funis  and  ultimately  uniting  to  form  a single  umbilical 

vein.  After  the  sixth  month 
the  capillaries  of  the  villi 
begin  to  disap]>ear.  The 
uterine  arteries,  fig.  582,  a, 
about  the  size  of  a crow-quill 
in  the  later  months,  have  a 
tortuous  or  curly  course,  and 
they  ultimately  |K>ur  their 
blood  into  the  large  venous 
sinuses,  ib.  us.  These  are 
most  numerous  upon  the  in- 
ner side  of  the  decidua  con- 
stituting the  uterine  sur- 
face of  the  |)lacenta,  jaiss- 
ing  obliquely  through  that 
viiii of tufi o( foetii I'ftri of i.iirriita, nt Bix moiiiii,;  hix cr  iuto  thc  uterinc  wall, 

some  extend  into  the  decid- 


ual septa,  and  some  lead  to  thc  marginal  channel  termed  the 
‘ circular  sinus  ’. 
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At  the  end  of  pregnancy  the  fore  part  of  the  abdomen  is  occu- 
pied by  tlie  uterus,  fig.  584,  the  foetus  being  commonly  carried  in 
the  position  there  represented. 

Nine  months  is  the  usual  period  of  gestation  in  Bimann ; but 
occasionally  birth  occurs  at  the  eighth  or  even  the  seventh  month, 
and  the  infant  has  been  reared. 

§ 407.  Development  of  Mammalian  Brain. — Limitation  of 
space  compels  me  to  conclude  this  chapter  with  a brief  notice  of 
some  of  the  more  specially  mammalian  mrxlifications  of  foetal 
formation. 


In  Bimana  the  placenta  is  relatively  thicker  and  smaller  than 
in  Quadrumana,  and  is  attached  to  a relatively  more  contracted 
area  of  the  womb  than  in  the  tailed  kinds. 

584 
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The  initi.ll  stej>s  in  the  development  of  the  nervous  system  of 
the  Mammal  closely  corresjwnd  with  those  of  the  Keptile  and 
liird  (vol.  II.  figs.  .39,  1.35).  The  brain  of  the  Kangaroo,  a fort- 
night after  birth,  fig.  585,  A,  B,  has  not  advanced  beyond  the 
condition  of  that  of  the  embryo  ehick  at  the  fourth  day  of  in- 
cubation. Hanging  motionless  from 
the  teat,  like  a foetus  from  the  navel- 
string,  its  cerebeUuin,  ib.  a,  c,  has 
not  transcended  the  filmy  fold  of 
the  cold-blo(Kled  saurian  ty|>c ; but 
expansion  has  begun  at  the  base,  B, 
c,  of  what  are  destincil  to  become  the 
mammalian  lateral  lobes.'  The  mesen- 
cei>halon  constitutes  the  main  j>art  of 
the  brain : it  is  a large  oblong  vesicle, 
in  which  the  optic  lobes,  ib.  d,  begin  to  be  faintly  marked  off  from 
the  ‘ th.ilanial  ’ |)art,  e,  overlying  the  crura  cerebri.  Xo  organ  of 
the  young  air-breathing  Marsupial  offers  a greater  contrast  to 
that  in  the  new-born  placental  Mammal  than  the  retanled  brain. 
In  form  it  has  got  no  further  than  that  in  the  six  weeks  embryo 
sheep,  but  it  is  firmer  in  texture  : gradually  advancing  along  the 
Mammalian  route,  its  develojunent  stops  at  a certain  point.  The 
superincumbent  mass  of  cerebellum  expands,  accommodating  its 
ultimate  sheet  of  grey  matter  to  the  cranial  chamber  by  transverse 
I()lds ; and  the  lateral  lobes  stretch  out  into  appendicular  lol>es, 
fig.  74,  e.  The  optic  lobes,  in  their  growth,  show  no  disjtositiou 
to  special  lateral  expansion  and  divergence  (as  in  the  birtl,  vtd.  II. 
figs.  42,  44),  but  swell  into  a i>air  of  closely  united  hemispheres: 
the  sj)ccial  mammali.an  addition  is  due  to  growth  of  ncurinc  in  the 
fore  part  of  the  ‘ vulviila  vieussenii  ’ between  the  ‘ j>roccssus  a 
cerebello  ad  testes,’  which  proceeds  in  Marsupials  and  all  higher 
Mammals  to  add  a second  pair  of  tubercles  (‘ testes  ’ of  anthro- 
jiotomy)  to  the  optic  lobes  (‘  nates’  ib.).  Into  the  cavity  of  the 
small  hemispheric  vesicles,  fig.  585,  i,  the  ‘ corjMira  striata ' 
first  bulge,  and  are  soon  followed  by  the  hip])ocampal  j>rotuber- 
anccs:  with  the  former  appear  the  transverse  fibres  of  the  anterior 
commissure,  with  the  hitter  those  of  the  hippocamj>al  commissure. 
In  .Marsupials  this  is  the  sole  addition  to  the  transverse  conniH'- 
tions  of  the  hemisjiheres  common  to  lower  Vertebrates;  in 
I’lacentals,  dcvelo|micnt  of  the  commissural  system  proceetls  to 
establish  the  supraventricular  mass  called  ‘ corjuis  callosum.’ 
lJut  this  is  not  necessarily  accompanic<l  by  incrciuscd  development 
of  the  cerebral  lobes:  the  lAssrucephula  retain  the  lyencejihalous 
■ Lxxv'.  ]>I.  vii.  tigs.  11,  12. 
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superficies  and  pro[»ortions  of  the  superincumbent  masses  of  the 
]»rosencephalon.  In  the  Gyrtncrphata  these  extend  backward 
c>ver  the  mesencephalon, and  more  or  less  of  the  cerebellum:  from 
the  lissencephalous  condition  transitorily  shown  by  the  human 
fiietus,  fig.  125,  the  middle  lobes,  d,  progressively  grow  into 
jxisterior  ones,  finally  extending  in  Archencephala  above  and 
l>eyond  the  cereljellum,  and  acquiring  the  projKjrtions  and  condi- 
tions of  the  posterior  horns  of  the  lateral  ventricles  and  ‘ hippo- 
campi minores’  j>eculiar  to  and  characteristic  of  the  human 
brain. 

§ 408.  DevclopmeHt  of  Mammalinn  Skeleton. — The  notochord 
early  begins  to  show  a series  of  dilatations  answering  to  the 
later  intervertebral  spaces.'  In  the  embryo  head  the  blastemal 
coverings  of  the  piers  of  the  anterior  cephalic  ha;mal  arch  (maxil- 
laries)  project  freely,  and  apjiear  as  proces.«es  of  the  second  (man- 
<libular)  arch:  only  the  pro.ximal  parts  of  the  third  (hyoidean) 
arch  are  indicated  by  indentations,  and  the  piers  do  not  project 
freely.  The  chief  developmental  mammalian  modification  arises 
from  the  proximity  of  the  precociously  and  rapidly  growing  ap- 
pendages of  the  acoustic  sense-organ  (‘ossicula  auditus  ’)  peculiar 
to  the  class : accompanied  with  a reduction  of  the  proximal  j»art 
of  the  mandibular  arch  to  the  support  of  the  tympanum,  and 
with  a slight  for^vard  dislocation  of  the  distal  part  of  the  arch. 
In  Monotremes  the  tympanic  (vol.  ii.  fig.  197,  28),  large  and 
well-ossified  in  the  blind  and  naked  young,  has  its  growth  ar- 
rested and  diverted  by  the  rajiid  and  excessive  growth  of  the 
malleus,  which  becomes  anchylosed  to  tbe  tympanic  by  its  long 
j»rocess,  o,  whilst  its  ‘ manubrium,’  c,  gives  attachment  to  the 
radiating  fibres  of  the  muscle  of  the  ear-drum.  The  incus,  b,  is 
rciircsented  by  a small  and  early  confluent  epijdiysis.  The  colu- 
niclliform  staj^es  d is  relatively  small  as  iu  other  Mammals.  The 
ba<e  of  the  mandible  extends  inwardly  to  join  the  tympanic,  and 
its  articular  surface  is  also  extended  outward,  as  in  the  Bird  : the 
conformity  with  the  Chick  in  the  relations  of  both  tympanic  and 
mandible  to  tbe  primarj'  and  transitory  cartilaginous  ha:mal  arch, 
and  the  plain  homology  of  the  ossicle,  b,  with  the  better  develoj)cd 
incus  of  higher  Mammals,  are  decisive  against  the  revival  of 
Hcichcrt’s  ill-founded  conclusion  as  to  the  homology  of  the  Mam- 
malian incus  with  the  os  quadratum  (tympanic)  of  Birds  and 
Reptiles.  In  the  mammary  Kangaroo  the  tympanic,  embracing 
by  an  upper  bifurcation  the  hind  part  of  ‘ Meckel’s  cartilage,’ 
develops  a convexity  below  adapted  to  the  inner  side  of  the 
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ascending  ramus  of  the  mandible,  and  a smooth  joint-like  sur- 
face, fitting  into  the  upper  concavity  of  the  inverted  angle, 
answering  to  the  persistent  inner  articular  part  of  the  condyle  in 
birds.'  The  fourth  hasmal  arch  is  close  to  the  occiput  in  tlie  Rumi- 
nant, and  retrogrades  as  the  neck  is  lengthened  out  by  vertebne 
interposed  between  head  and  chest.  It  retains,  in  Cetaceans, 
almost  the  typical  position  exemplified  in  Fishes. 

The  common  ossification  of  articular  ends  of  bones  from  centres 
^tinct  from  that  of  the  shaft  is  a mammalian  developmental  cha- 
racteristic. The  ultimate  confluence  of  the  ‘ epiphyses’  (vol.  ii. 
p.  297)  with  the  ‘ diaphysis  ’ indicates  maturity  of  growth:  but 
in  this  relation  there  are  difierenccs  in  the  same  skeleton  and  in 
different  species.  In  Man  the  epiphyses  of  the  limb-bones  toward 
which  the  ‘arteriae  nutritiae  ’ run  (p.  619)  first  coalesce  with  the 
shaft ; those  at  the  distal  end  of  the  humerus  and  proximal  ends 
of  the  two  antibrachials,  e.  g.,  at  puberty,  those  at  the  opposite 
ends  of  the  same  bones  at  the  twentieth  year.  The  proximal 
epiphysis  of  the  femur  coalesces  about  the  eighteenth  year,  the 
distal  one  at  the  twentieth ; the  proximal  epiphysis  of  the  tibia 
joins  the  shaft  about  the  twenty-fifth  year,  the  distal  epiphysis 
five  years  earlier.  The  epiphyses  of  the  vertebral  bodies  coalesce 
about  the  twenty-first  year  in  Dimana,  but  they  continue  distinct 
for  a much  longer  pro|X)rtional  period  of  life  in  Cetacea.  Epi- 
physes and  short  bones  of  limbs,  those  of  the  carpus  and  tarsus, 
e.  g.,  continue  cartilaginous  some  time  after  the  shafts  of  the 
long  bones  are  ossified,  as  shown  in  fig.  586.  This  figure  also 
exemplifies  the  early  manifestation  of  ordinal  characters;  the 
inner  digit  of  the  pelvic  limb,  in  the  foetal  Monkey  ( Cercopithecut 

sabeeus)  already  shows  by  its  relative 
shortness  and  divergence  from  the 
others  that  it  is  destined  to  opjx>sc 
them,  and  to  terminate  the  member  by 
a prehensile  hand:  while,  from  the 
earliest  manifestation  of  the  digits  of 
the  same  limb  in  the  human  embryo, 
the  ‘ hallux  ’ by  its  proportions  and 
parallelism  with  the  other  ttxts  indi- 
cates the  destination  of  the  answerable 
part  to  become  a plantigrade  /out,  perfected  to  sustain  and  move 
the  body  of  an  erect  Biped. 

§ 409.  Membrana  pupillans. — The  differences  in  degree  of  indi- 
' tvxcr".  p.  727. 
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vidual  development  attained  at  birth  parallel,  in  Mammals,  those 
in  Birds  expressed  by  the  terms  altrices  and  prteroces  (vol,  ii. 
p.  265).  The  hoofed  quadrui>ed  enters  the  world  with  the  use 
of  all  its  senses ; in  a few  hours  can  follow  the  dam,  and  keep 
pace  with  her  if  she  sees 
cause  for  flight : the  feline  ss? 

is  born  blind  and  helpless ; 
some  days  ela|)se  ere  the 
commissure  of  the  eyelids  is 
unsealed.  Corresponding 
steps  in  the  human  organ 
of  vision  are  completed  be- 
fore birth.  At  the  fifth 
month  of  foetal  life  the  pu- 
pillary aperture  is  very 
wide,  and  is  occupied  by  a 
rich  layer  of  looped  capilla- 
ries sup[)orted  by  a protluc- 
tion  of  the  membrane  of  the 
afjueous  humour,  fig,  587,  A. 

As  the  iris  is  developed  the 

pupil  contracts  and  the  vessels  of  the  pupillary  membrane  diminish 
in  size  and  number;  so  that  at  the  eighth  month  only  a few  vessels 
are  seen  crossing  the  transparent  membrane,  as  at  B.  Shortly 
before  birth,  or  for  a week  after,  a mere  shred  of  the  membrane 
may  be  detected,  as  in  C and  D,  and  these  arc  soon  absorbed. 

§ 410.  Fatal  circulation. — The  early  stages  in  the  development 
of  the  vascular  system  closely  correspond,  in  Mammals,  with  those 
in  Birds  (vol.  ii.  p.  263,  fig.  136):  the  steps  in  the  establishment 
of  the  aortic  arch,  with  their  relations  to  conditions  of  primary 
branches  characteristic  of  species,  and  to  rare  anomalies,  have  been 
explained  at  pp.  534-537;  here,  therefore,  there  only  remain  a few 
words  to  be  said  of  the  foetal  cliaracters  of  the  circulating  system. 

The  blood  of  the  foetus,  after  passing  through  the  ramifications 
of  the  allantoic  arteries,  fig.  588,  v',  u,  in  the  placenta,  returns 
by  the  allantoic  vein,  m.  This,  on  entering  the  abdomen,  passes 
above  and  superficial  to  the  duodenum,  within  the  peritoneal  fold 
called  ‘ suspensory  ligament  ’ of  the  liver,  to  the  great  fissure  of 
that  organ,  where  it  carries  part  of  its  blood  directly,  by  the 
‘ ductus  venosus,’  d,  to  tlie  post-caval,  v,  and  part  is  disti  ibuted  by 
the  branches  of  the  |x>rtal  vein,  L,  through  the  substance  of  the 
liver,  and  is  then  conveyed  by  the  hepatic  veins,  /,  into  the 
general  current  of  the  returning  blood.  Thus,  the  right  auricle 
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of  the  heart,  h',  receives  not  only  the  hlowl  which  has  circulated 
through  the  hody  of  the  fo?tus,  but  also  that  which  has  passed 
through  the  placenta,  consequently  a mixture  of  venous  and  ar- 
terial blood ; — the  blood  in  the  precaval,  c*,  being  entirely 
venous,  that  in  the  jHist-caval,  v,  being  mixed.  A [)art  of  this 
blood  so  accumidated  in  the  right  auricle 
passes  into  the  left  auricle.  A,  by  the  ‘ fora- 
men ovale,’  f,  in  the  septum  auricularum, 
and  it  is  chiefly  the  blood  from  the  post- 
caval which  takes  that  course.  The  rest  of 
the  hloo<l  entering  the  right  auricle  passes 
into  the  right  ventriele,  ii',  and  thence  into 
the  pulmonary  artery ; but  very  little  blood 
is  sent  to  the  collapsed  lungs,  for  a passage 
of  communication  continues  from  the  pul- 
monary artery  into  the  descending  aorta  by 
retention  of  part  of  the  third  primitive  arch, 
fig.  420,  forming  the  ‘ ductus  arteri«.>sus,’ 
fig.  588,  D;  thus  the  greater  mass  of  the 
blood,  which  in  the  adult  would  have  pro- 
ceeded to  the  lungs,  is  in  the  fiactus  imme- 
diately transmitted  to  the  aorta,  a.  This, 
after  its  origin  from  the  left  ventriele, 
delivers  almost  all  the  blood  expelle<l  by  the 
contraction  of  that  cavity  into  the  carotid 
and  subclavian  arteries,  while  the  ductus 
arteriosus  passing  between  the  trunk  of  the 
pulmonary  artery  and  the  descending  aorta 
directs  the  blood  which  passes  tlmmgli  the 
right  ventricle  to  the  lower  regions  of  the  hotly.  In  this  manner 
the  upper  regions  are  supplied  with  the  most  arterialised  part  of 
the  blood  from  the  left  siile  of  the  heart  and  aorta,  while  the 
purely  venous  blood  is  propelled  from  the  right  ventricle  through 
the  pulmonary  artery  and  ductus  arteriosus  into  the  descending 
aorta,  and  consequently  into  the  lower  j>art  of  the  bwly,  and  by 
the  allantoic  arteries  to  the  placenta.  The  circulation  in  the 
ftt'tal  Mammal  thus  otters  a close  and  interesting  analogy  to  that 
in  adult  Crocodilian  Reptiles  (vol.  i.  p.  512). 

The  foramen  ovale  in  the  septum  of  the  auricles,  the  ductus 
arteriosus  passing  from  the  pulmonary  artery  to  the  aorta,  the 
ductus  venosus  leading  from  the  allantoic  vein  to  the  jH>st-caval, 
and  the  allantoic  (umbilical)  vein  and  arteries,  are  the  structural 
|M*culiaritics  of  the  mummalian  fietal  circulating  organs.  These 
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]>airsa{:'C8  are  all  closed  up,  and  the  allantoic  vessels  obliterated  at 
the  navel,  after  pulmonic  respiration  is  established  at  birth. 

§ 4 1 1.  Dejinilion  of  Male  and  Female  Organs. — In  the  Mam- 
malian as  in  other  vertebrate  embryos  the  urogenital  parts,  before 
showing  distinction  of  sex,  ap{>ear  in  a seemingly  more  complex 
or  multiplex  condition  than  when  per- 
fected at  a later  stage.  As  in  fig.  5W9, 
we  recognise  the  basis  of  the  true  or 
l»crsistent  kidneys,  a,  with  their  duct, 
e ; the  antecedent  deciduous  kidney, 
or  ‘Wolffian’  body,  b,  is  here  on  the 
wane,  with  its  excretory  duct,  f;  the 
beginning  of  the  essential  genital 
gland  is  marked  c,  the  adrenals,  d, 
and  the  tubes  called  ‘ ducts  of  Miil- 
ler,’  ff. 

In  the  male  ^lammalian  embryo  the 
duct,y,  becomes  connected  by  a white 
granular  process  with  a similar  one 
from  the  gland,  c,  on  the  inner  side  of 
the  Wolffian  b<Kly  : by  the  union  of 
these  offshoots  is  formed  the  epididy- 
mis, and  the  gland  c can  then  be  de- 
termined as  the  testis  r the  ducts, 
ff,  shrink  and  are  metamorphose<l  into  the  protometra.  In 
the  female  there  are  not  such  converging  growths  between  the 
duct  f and  the  gland  c:  the  duct  f shrinks  with  the  Wolffian 
body,  and  is  re<luce<l  to  the  remnant  recognisable  in  the  adult 
as  a ‘canal  of  Malpighi.’  But  the  tube,^,  rises  aljove  the  Wolflian 
• bisly,  expands  as  at  e,  fig.  590,  and  afterwards  opens  at  f As 
the  Wolffian  l>ody  atrophies, 
the  duct,  f,  fig.  589,  l>e- 
■i  gins  to  be  tortuous  in  the 
male,  and  becomes  ‘ sj>crm- 
r duct’;  while  shrinks:  but, 

' in  the  female,  g widens, 
and  becomes,  as  in  fig.  591, 

/ oviduct,  c,  and  uterine  horn, 
b-.  but  the  distinction  is  late 
in  the  Ruminant  embryo. 

In  the  human  embryo  at 
three  months,  the  lower  or  distal  jHjrtions  of  c,  c,  fig.  592,  have 
dilated  and  become  fused  into  the  uterus,  o,  which  still  shows 
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the  indent  of  its  primitive  division.  The  remnant  of  the  W olffiAU 
body,  e,  e,  is  long  recognisable  as  the  ‘ parovarium.’  The 
ovaries,  d,  d,  are  smooth  and  elongate ; the  round  ligaments,  b,  b, 
are  relatively  large. 

In  certain  malformations  more  or  less  of  the  primitive  condi- 


.591  692 


tions  of  the  genital  organs  are  retained,  and  give  rise  to  ‘ her- 
maphrodite ’ states  of  the  parts.  In  fig.  593,  a,  a,  are  the  testes 
with  which  the  ducts,  f,  in  fig.  589,  had  effected  their  union, 
593  and  become  ‘ vasa  de- 

ferentia,’  fig.  593,  d,  d : 
5 is  a combination  of  epi- 
didymis with  the  abdo- 
minal ends  of  the  ‘ raul- 
lerian  ducts,’^,  figs.  589, 
593,  here  continuing 
closed  and  having  be- 
come adherent  to  the 
mass  including  a rem- 
nantof  the  WolflBan  bodv. 
Development  of  the  mul- 
lerian  ducts  has,  how- 
ever, proceeded  to  a de- 
finition-of  the  oviduct  or 
fallopian  tube,  fig.  593, 
f/,  and  of  the  uterine 
horn,y,y,  with  the  body 
of  the  uterus  and  vagina, 
ei  it  is  normally  reduced 
to  ‘ protometra,’  in  fig. 
525,  c. 

§ 412.  Descent  of  testes. — In  all  Mammals,  save  the  true  testi- 
conda,  a preparatory  structure  is  established  for  cither  periodical 
or  permanent  withdrawal  of  the  testes  from  out  the  abdomen. 


Ui^uluU  organ*  of  HormaphrodUo  Goal,  the  male  part* 
predumluatiug.  cxjxxxix". 
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In  the  human  foetus  this  structure,  called  ‘ guhemaculum  testis,’ 
fig.  594,  consists  of  a central  axis  of  soft  gelatinous  substance 
rife  with  nucleate  cells  and  surrounded  hy  fibrous  tissue,  which 
soon  exhibits  the  striped  characteristic  of  voluntary  muscle.  Some 
of  these  fibres  rise  from  the  bottom  of  the  scrotum,  lo,  and  traverse 
the  abdominal  ring,  6,  here  diagrammatically  indicated  in  Cur- 
ling’s excellent  article  CCXLll";  by  ‘Poupart’s  ligament,’  7,  7 : a 
second  series  of  fibres,  9,  arise  from  ‘ Poupart’s  ligament,’  and, 
with  the  pubic  fibres,  s,  seem  in  many  Lissencephala  to  be  an 
inverted  part  of  the  internal  oblique  and  transversales  muscles : 
the  whole,  inclosed  by  aveolar  tissue,  and  connected  by  a fold  of 
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Diagram  of  the  crui^ernacolum  rtk]  t^^atlcle  Pla^nun  of  the  trtairle  itnmrdlaielj  after  lla  airlral 

prevloaa  to  lu  dcaccnt.  ccxLii".  Id  the  acrutum.  cx;xui'*. 


peritoneum  to  the  psoas  muscle,  extends  to  the  testis,  2.  This 
‘ gubemaculum  ’ shrinking  or  contracting,  or  both,  between  the 
fifth  and  six  months  of  human  gestation,  draws  the  testis  from 
below  the  kidney,  i,  to  the  abdominal  ring,  6,  where  it  rests  to 
the  end  of  the  seventh  month.  During  the  eighth  month  it 
traverses  the  inguinal  canal,  and  by  the  end  of  the  ninth  month 
has  reached  the  scrotum,  where  it  is  commonly  found  at  birth, 
with  the  remnant  of  the  scrotal  part  of  the  gubemaculum, 
fig.  595,  2.  The  iliac,  4,  and  the  pubic,  5,  jwrtions  of  the  mus- 
cular tissue  have  now  become  the  ‘ cremaster’;  the  bag  of  peri- 
toneum, 8,  3,  carried  out  with  the  testis,  i,  is  converteil,  by 
obliteration  of  the  neck,  into  ‘ tunica  vaginalis  testis.’  In  scrotal 
Mammalia,  as  a rule,  it  remains  pervious,  and  it  communicates 
widely  with  the  abdomen  in  periodical  testiconda. 
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CHAPTER  XXXIX. 

MAMMAKY  AND  MAUSUPIAL  OKGAN.S. 

§413.  In  Monotrcmnta. — In  a female  Ornitliorhynchus,  shot  in 
December,  and  of  which  the  ‘ corpora  lutea  ’ indicated  that  slit 
had  recently  brought  forth  young,  the  mammary  glands  fonne<i 
an  oblong  flattened  mass  on  each  .side  of  the  ventral  parietes  of 
the  abdomen.  Each  gland  was  composed  of  between  one  hundred 
and  two.  hundred  elongated  subcylindrical  lobes,  fig.  596,  con- 
verging to  a small  oval  areola,  fig.  597,  in* the  abdominal  integu- 
ment, situated  between  three  and  four  inches  from  the  cloaca,  and 
about  one  inch  from  the  medial  line.  The  lobes  arc  rounded  and 
enlarged  at  their  free  extremities,  and  become  narrower  to  about 
one-third  from  the  point  of  insertion,  where  they  end  in  slender 
ducts,  fig.  596,  a.  Almost  all  the  lobes  arc  situated  at  the  outer  side 
of  the  areola,  and  consequently  converge  toward  the  mesial  line  of 
the  abdomen : in  fig.  596  they  are  exposed  by  reflecting  outwanl 
the  skin.  Between  the  gland  and  the  integument  the  panniculus 
caniosus  is  interposed,  closely  adhering  to  the  latter,  but  con- 
nected with  the  gland  by  loose  cellular  membrane.  This  niu.scle 
is  here  a line  in  thickness,  its  fibres  are  longitudinal,  and,  sepa- 
rating, leave  an  elliptical  space  for  the  passage  of  the  ducts  of 
the  gland  to  the  areola.  On  the  external  surface  of  the  skin, 
when  the  hair  is  removed,  this  areola  can  only  be  distinguished 
by  the  larger  size  of  the  orifices  of  the  lacteal  ducts,  coinjiared 
with  those  for  the  transmission  of  the  hairs.  The  orifices  of  the 
ducts  thus  grouped  together  form  an  oval  spot,  five  lines  in  the 
Ions  and  three  in  the  short  diameter.  Neither  in  this  nor  anv 
other  of  the  many  specimens  in  which  I have  disset'tcd  the  mam- 
mary glands  was  the  surface  on  which  the  ducts  terminated  raised 
in  the  slightest  degree  beyond  the  level  of  the  sun-ounding 
integument. 

In  a full-grown  female,  killed  in  August,  in  which  two  enlarged 
ovisacs  indicated  the  j>reparation  of  ova  for  impregnation,  the 
mammary  gland  was  retluccd  to  the  size  given  in  fig.  598  : diverg- 
ing tracts  of  cellular  sheaths  with  fat  indicated  a previous  seiisonal 
enlargement. 

Mercury  injected  into  the  substance  of  a lobe  diffused  itself 


Digitized  by  Google 


MAMMARY  GLANDS  IN  MONOTUEMATA. 


TGI 


sefi 


frUiid  Orultlior  i)'ti«'hu» ; tiat.  flic. 


in  minute  globules  through 
the  parenchyma,  and  at  a 
distance  of  an  inch  it  en- 
tered a central  duct,  down 
which  it  freely  ran  to  the 
areola,  where  it  escaped 
externally  from  one  of  the 
minute  orifices  just  de- 
scribed. This  process  was 
repeated  on  most  of  the 
lobes  with  similar  results : 
the  greater  part  of  them 
terminated  by  a single  duct 
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opening  e.\teriorly  and  dis- 
tinct from  the  rest,  but  in 
a few  instances  the  ducts 
of  two  contiguous  lobules 
united  into  one,  and  in  these 
cases  tbe  mercury  returned 
by  the  anastomosing  duct 
and  penetrated  the  sub- 
stance of  the  other  lobe  as 
freely  as  that  into  which 
the  pipe  had  been  inserted. 

Some  of  the  lobes  injected 
by  the  reflux  of  the  mercury 
through  the  duct,  and  of 
which  it  was  more  certain 
that  the  glandular  structure 
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and  not  the  cellular  mem- 
brane was  filled,  were 
dried,  and  various  sec- 
tions were  submitted  to 
microscopical  examina- 
tion. At  the  greater  ex- 
tremity they  are  minutely 
cellular,  the  cells  com- 
municating with  ducts 
elongating  as  the  lobule 
grows  narrower,  dilating, 
and  terminating  in  a 
larger  central  canal,  or 
receptacle,  from  which 
the  excretory  duct  is  con- 
tinued. On  making  a 
section  of  the  coriuni 
through  the  middle  of 
the  areola  the  ducts  are 
seen  to  converge  to  the 
external  surface,  but 
there  is  no  inverted  or 
concealed  nipple  at  this 
part,  as  in  the  Kangaroo. 
Fig.  599  gives  a magni- 
fied view  of  this  section, 
with  the  section  of  one 
of  the  dried  and  injected 
lobules.  On  the  first  an- 
nouncement, by  Mec- 
kel, of  the  existence 
of  abdominal  glands  of 
the  size  and  structure 
shown  in  fig.  596,  it  was 
objected,  that  they  did 
not  possess  the  charac- 
ters of  a trtie  mammary 
gland,  and  that  they  rc- 
seinbletl  rather  the  clus- 
tci's  of  elongated  follicles 
situated  on  the  flanks  of 
Salamanders,  and  still 
more  to  the  tKloriferous 
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scent-glands  at  the  sides  of  the  abdomen  in  Shrews,  which  are  most 
active  at  the  season  of  the  rut.'  I put  this  question  to  the  test, 
first  by  showing  the  true  structure  of  the  mammary  lobules,  and 
next  by  comparing  the  relative  size  of  the  glands  with  the  con- 
dition of  the  ovaria.’  The  abdominal  scent-glands  are  present  in 
both  sexes,  and  become  largest  in  the  male  Shrews ; but,  in  the 
Ornithorhynchus  the  glands  are  confined  to  the  female,  and  vary 
in  degree  of  development  at  different  periods  in  individuals  of  equal 
size,  attaining  an  enormous  development  after  gestation  and  being 
small  at  the  rutting  season.  The  secretion  being  conveyed  out- 
wardly by  means  of  numerous  long  and  narrow  ducts  indicates  its 
fluid  nature,  and  is  contrary  to  the  mode  in  which  odorous  sub- 
stances are  excreted.  The  excretory  orifices  arc  by  no  means 
extended  over  so  wide  a space,  in  proportion,  as  in  the  Shrew, 
but  are  collected  into  one  which  accords  with  the  size  of  the 
mouth  of  the  young  animal,  and  this  spot  is  situated  in  a part  of 
the  body  convenient  for  the  transmission  of  a lacteal  secretion 
from  the  mother  to  her  offspring. 

Compared  with  an  ordinary  mammary  gland,  that  of  the 
Ornithorhynchus  differs  chiefly  in  the  absence  of  the  nipple,  and, 
consequently,  of  the  surrounding  vascular  structure  necessary  for 
its  erection.  But  the  remarkable  modification  of  the  mouth  in 
the  young  Ornithorhynchus  removes  much  of  the  difficulty  which 
previously  attached  itself  to  the  idea  of  the  jMJSsibility  of  an 
animal  with  a beak  obtaining  its  nutriment  by  suction.  The 
width  of  the  mouth  in  the  smallest  observed  Ornithorhynchus, 
fig.  600,  corresponds  with  the  size  of  the  mammary  areola ; and 
the  broad  tongue,  extending  to  the  apices  of  the  broad,  short,  and 
soft  jaws,  fig.  601,  with  the  fold  of  integument  continued  across 
the  angle  of  the  mouth,  are  all  modifications  which  prepare  us  to 
admit  such  a co-adaptation  of  the  mouth  of  the  young  to  the 
mammary  outlet  of  the  parent  as,  with  the  combined  actions 
of  suction  in  the  recipient,  and  compre.ssion  of  gland  in  the 
expellent,  to  effect  this  essentially  Mammalian  mode  of  nourish- 
ment. 

The  circumstances  which  first  attract  attention  in  these  singular 
objects,  fig.  600,  are  the  absence  of  hair,  the  soft  flexible  condition 
of  the  mandibles,  and  the  shortness  of  these  parts  in  proportion 
to  their  breadth  as  compared  with  those  of  the  adult.  The  in- 
tegument with  which  the  mandibles  are  covered  is  thinner  than 
that  which  covers  the  rest  of  the  body,  and  smoother,  presenting 
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under  the  lens  a minutely  granulated  surface  when  the  cuticle  is 
removed,  which,  however,  is  extremely  thin,  and  has  jione  of 
the  horny  character  which  the  claws  at  this  period  present. 
The  margins  of  the  upper  beak  are  rounded,  smooth,  thick,  and 
fleshy;  the  whole  of  the  under  mandible,  fig.  601,  g,  is  flexible, 
600  and  bends  down  upon  the  neck 

when  the  mouth  is  attempted  to  be 
opened.  The  tongue,  ib.  h,  which 
in  the  adult  is  lodged  far  back  in 
the  mouth,  advances  in  the  young 

601 


Head  of  founff  Omlth'^rbj-ticliai. 
Lxxvm'. 


animal  close  to  the  end  of  the  lower  mandible  ; all  the  increase  of 
the  jaws  beyond  the  tip  of  the  tongue,  which  in  the  adult  gives  rise 
to  a form  of  the  mouth  so  ill  calculated  for  suction  or  application 
to  a flattened  surface,  is  peculiar  to  that  period,  and  consequently 
fimns  no  argument  against  the  fitness  of  the  animal  to  receive 
the  mammary  secretion  at  an  earlier  stage  of  existence.  The 
breadth  of  the  tongue  in  the  larger  of  the  young  specimens  was 
3^  lines;  in  the  adult  it  is  only  one  line  broader;  and  this  dis- 
projMirtionate  development  is  plainly  indicative  of  the  im|Kirtance 
of  the  organ  to  the  young  animal,  both  in  receiving  and  swallow- 
ing its  food.  The  mandibles  arc  surrounded  at  their  base  by  a 
thin  fold  of  integument,  which  extends  the  angle  of  the  mouth 
from  the  base  of  the  lower  jaw  to  equal  the  breadth  of  the  ba.se 
of  the  upper  one,  and  must  inerca.se  the  facility  for  receiving  the 
milk  ejected  from  the  mammary  areola  of  the  mother.  The 
oblicpic  lines  which  characterise  the  sides  of  the  lower  mandible 
in  the  adult  were  faintly  visible  on  the  corresponding  parts  of  the 
same  jaw  of  the  young  anim.al : a minute  ridge  of  the  inner  sides 
of  these  lines  indicates  the  situations  of  the  anterior  horny  teeth 
of  the  adult. 

The  exterior  nostrils,  ib.  n,  communicate  with  the  mouth  by 
the  foramina  incisiva,  which  are  situated  at  nearly  three  lines 
distance  from  the  end  of  the  upper  mandihle,  and  are  ea<'h 
guarded  by  a meinbranous  fold  extending  from  their  anterior 
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margin : the  nasal  cavity  then  extends  backward,  and  terminates 
immediately  above  tlie  larynx,  the  tip  of  the  epiglottis  extending 
into  it,  and  resting  upon  the  soft  palate. 

On  the  middle  line  of  the  up]>er  mandible  and  a little  anterior 
to  the  nostrils  there  is  a minute  fleshy  eminence  lodged  in  a slight 
depression,  fig.  601,  h.  In  the  smaller  specimen  this  is  surrounded 
by  a discontinuous  margin  of  the  epidermis,  with  which  substance, 
therefore,  and  probably  (from  the  circumstance  of  its  being  shed) 
thickened  or  homy,  the  caruncle  had  been  covered.  It  is  a 
structure  of  which  the  uj)i)cr  mandible  of  the  adult  presents  no 
trace,  and  is  obviously  analogous  to  the  horny  knob  which  is 
observed  on  the  upper  mandible  in  the  foetus  of  aquatic  and 
gallinaceous  Birds.  I do  not,  however,  conceive  that  tliis  struc- 
ture is  necessarily  indicative  of  the  mandible’s  having  been  a]>plicd, 
under  the  same  circumstances,  to  overcome  a resistance  of  pre- 
cisely the  same  kind  as  that  for  which  it  is  designed  in  the  young 
Birds  which  possess  it.  The  shell-breaking  knob  is  found  in 
only  a part  of  the  class  ; and  although  the  similar  caruncle  in  the 
Ornithorhynchus  affords  a curious  additional  affinity  to  the  Ave.t 
precoccs,  yet,  as  all  the  known  history  of  the  ovum  points  strongly 
to  its  ovo-viviparous  development,  the  balance  of  evidence  is  still 
in  favour  of  the  young  being  brought  forth  alive. 

The  situation  of  the  eyes,  ib.  c,  was  indicated  by  the  conver- 
gence of  a few  wrinkles  to  one  |)oint ; but  when,  even  in  the  larger 
of  the  two  sj)ecimens,  these  were  put  u|)on  the  stretch,  the  in- 
tegument was  found  entire,  and  completely  shrouding  or  covering 
the  eyeball  anteriorly.  The  fact  is  of  importance  to  the  question 
of  the  mamrniferous  character  of  the  Ornithorhynchus.  For  on 
the  supposition  of  the  young  animal  possessing  locomotive  facul- 
ties, which  would  enable  it  like  the  young  gosling,  immediately 
after  birth  or  exclusion,  to  follow  the  parent  in  the  water,  and 
there  to  receive  its  nutriment  (whether  mucous  or  otherwise),  the 
sense  of  vision  ought  certainly  to  be  granted  to  it  in  order  to 
direct  its  movements.  The  privation  of  this  sense,  on  the  con- 
trary, implies  a confinement  to  the  nest,  and  a reception  on  land 
of  the  mammary  secretion  of  the  parent.  The  auditory  orifices, 
ib.  d,  are  situated  iiboiit  a line  behind  the  eyes.  The  general 
form  of  the  body  and  the  cartilaginous  condition  of  the  bones 
of  the  extremities  equally  militate  against  the  young  Ornitho- 
rhynchus possessing,  at  this  period  of  its  existence,  active  powers 
of  swimming  or  creeping.  The  head  and  tail  are  closely  approxi- 
mated on  the  ventral  aspect,  requiring  force  to  pull  the  binly  out 
into  a straight  line;  and  the  relative  quantity  of  integument  on 
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the  back  and  belly  shows  that  the  position  necessary  for  the  due 
progressive  motions  is  unnatural  at  this  stage  of  growth. 

The  toes  on  each  of  the  four  feet  were  completely  formed,  and 
terminated  by  curved,  conical,  homy  claws ; but  the  natatory 
fold  of  membrane  of  the  fore  foot  had  not  the  same  proportional 
extent  as  in  the  adult,  and  the  spur  of  the  hind  foot  did  not 
project  beyond  its  socket  in  either  specimen.  In  the  smaller  one, 
which  was  a male,  it  presented  the  form  of  an  obtuse  papilla ; 

while  in  the  larger  specimen,  al> 
though  a female,  it  was  more  plainly 
developed  and  more  pointed,  fig.  602, 
f.  This  circumstance  is  in  exact  ac- 
cordance with  the  known  laws  of  the 
development  of  sexual  distinctions, 
especially  of  those  of  secondary  im- 
portance, such  as  beards,  manes, 
plumes,  horns,  tusks,  spurs,  &c., 
which  do  not  avail  in  distinguishing 
Hindfoo^«ndjipnr.^}^nn*i^.^^^^^  gexcs  till  towards  the  period  of 

puberty. 

In  the  Echidna  hystrix  the  mammary  glands  resemble  in 
structure  and  position  those  of  the  Ornithurhynchus : but  the 
ducts,  when  the  gland  is  functionally  developed,  open  into  a 
small  tegumentary  pouch,  fig.  603,  e.  The  gland,  ib.  a,  is  of  a 
flattened,  subelliptic  form.  The  lobules  converge  toward  the 
mesial  line,  in  their  course  to  tenninate  in  the  fundus  of  the 
pouch.  Each  lobe  is  a solid  parenchymatous  body ; the  duct  is 
more  directly  continued  from  a canal  which  may  be  traced  about 
halfway  toward  the  fundus  of  the  lobule ; the  canal  gives  olf 
numerous  short  branches  from  its  circumference,  which  subdivide 
and  terminate  in  clusters  of  subspherical  ‘acini’  or  secerning 
cellules.  The  structure  is  on  the  same  general  plan  as  that  of 
the  mammary  glands  in  higher  Mammals,  but  the  cellules  are 
proportionally  larger.  Each  gland  consists  of  about  100  long, 
narrow,  flattened  lobes,  obtusely  rounded  at  their  free  ends ; 
they  are  surrounded  by  a loose  caj)sule  of  cellular  tissue,  and 
lie  between  a thick  ‘ panniculus  carnosus,’  adherent  to  the  abdtv 
minal  integument,  ib.  d,  and  the  ‘ obliquus  externus  abdominis  ’ 
muscle,  on  a plane  exterior  or  ‘ lateral  ’ to  the  pouch.  On  each 
side  of  the  abdominal  integument,  about  two  inches  in  advance 
of  the  cloaca,  and  about  three  inches  and  a half  from  the 
base  of  the  tail,  is  the  aperture,  which  is  longitudinal  and  di- 
IWited  towards  the  median  line.  The  skin  of  the  abdomen,  where 

1 


602 


Digitized  by  Google 


MAMMARY  GLANDS  IN  MONOTBEMATA. 


787 


it  begins  to  be  inverted,  loses  thickness,  and  at  the  fundus  of 
the  pouch,  ib.  e,  is  only  half  as  thick  as  where  it  overspreads  the 
abdomen. 

I have  not  hitherto  met  with  any  trace  or  beginning  of  such 
abdominal  pouches  in  the  various  Ornitlwrhynchi  in  which  1 have 
had  occasion  to  note  different  phases  of  the  development  of  the 
ovaria  and  mammary  glands.  A warm-blooded  air-breather,  com- 
pelled to  seek  its  food  in  water,  could  not  safely  carry  the  progeny 
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it  had  brought  forth  in  a pocket  beneath  its  body  during  such 
quest:  all  observers  have  noted  the  nest-making  instinct  of  the 
Platypus,  and  in  such  temporary  and  extraneous  structures  only 
have  the  young  been  hitherto  found. 

The  question  remains,  whether  the  marsupial  pouches  of  the 
Echidna  increase  with  the  growth  of  the  young  ? It  is  certain 
that  they  only  commence  with  the  growth  or  enlargement  of  the 
mammary  glands  preliminary  to  birth.  In  the  young  specimen  of 
female  Echidna  in  which  the  glands  were  first  discovered ' their 
ducts  opened  upon  a plane  surface  of  the  abdominal  integument. 
In  a nearly  full-grown  unimpregnated  female  there  was  also  a 
total  absence  of  inflected  folds  of  the  integument  where  the 
mammary  ducts  terminate.  Some  movement,  perhaps,  of  these 
ducts  in  connection-  with  the  enlargement  of  the  mammary  lobes, 
under  the  stimulus  of  preparation  for  a coming  offspring,  may, 
with  associated  growth  of  the  abdominal  integument  surrounding 
the  areola,  be  amongst  the  physical  causes  of  the  first  formation 
of  the  pouch. 

The  young  Echidna,  ib.  e,  resembles  the  new-born  Kangaroo 
in  the  proportions  of  the  limbs  to  the  body,  in  the  inferior  size 
and  development  of  the  digits  of  the  hinder  pair,  and  in  the  fee- 
ble indication  of  eyes  or  eyelids.  But  the  mouth  is  proportionally 
* ccL'xxm”.  p.  179. 
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wider,  and  has  the  fonn  of  a transverse  slit ; it  is  not  circular. 
UjMUi  the  upper  lip,  in  the  inidlinc  between  the  two  nostriLs, 
is  a small  protuberance,  corresponding  to  that  in  the  young  of 
the  Ortiiihorhynrhus  pnradoxns,  and  wanting  the  cuticle.  The 
tongue  is  broad  and  Hat,  extending  to  the  ‘ rictus  oris,’  hut 
very  short  in  profX)rtion  to  that  of  the  parent,  and  of  a very 
difterent  shape.  The  tail  is  much  shorter  than  in  the  yt>uiig 
Kangaroo,  and  shows  as  much  proportional  size  as  in  the  full- 
grown  Echidna,  in  which  it  is  a mere  stump  concealed  by  thc- 
(|uills  and  hair.  The  head  is  projxwtionally  longer  and  more 
slender  in  the  marsupial  fmtus  of  the  Echidna  than  in  that  of  the 
Kangaroo,  and  already,  at  this  early  periotl,  foreshows  the  cha- 
racteristic elongation  and  attenuation  of  that  part  in  the  mature 
animal.  The  form  of  the  mouth,  as  a transverse  slit,  is  a gmxl 
nionotrematous  character  of  the  young  at  that  period,  since  in  all 
true  or  teated  marsu]iials  the  mouth  of  the  mammary  fu'tus  has 
a peculiar  circular  and  tubular  sbage.  A scarcely  visible  linear 
cicatrix  at  the  middle  of  the  lower  part  of  the  alxlomen  is  the 
sole  trace  of  umbilicus.  A bifid,  obtuse  rudiment  of  ])onis  or 
clitoris  projects  from  the  fore  part  of  the  single  urogenital  «>r 
eloacal  aj)erture,  and  in  advance  of  the  b.asc  of  the  tail-stump. 
Of  the  brain,  the  largest  part  is  the  mesencejihalon,  chiefly  con- 
sisting of  a vesicular  condition  of  the  optic  lobes. 

The  fore  limbs,  in  their  shortness  and  breadth,  foreshow  the 
characteristics  of  those  of  the  parent,  which  may  be  said,  indeed, 
to  retain  in  this  respect  the  embryonic  character  with  sujHjr- 
induced  breadth  and  strength.  The  digits  have  already  some- 
thing of  the  adult  pro|H)rtions,  the  first  or  innermost -of  the  five 
being  the  shortest,  the  others  of  nearly  ecjual  length,  but  gra- 
duating shorter  from  the  third  to  the  fifth  ; each  digit  is  termi- 
nated by  a claw : in  the  hind  limb,  the  second  is  alrciuly  the 
strongest  and  longest,  the  rest  more  rapidly  shortening  to  the  fifth 
than  in  the  fore  leg ; the  innennost,  agreeably  with  the  law  of 
closer  retention  of  tv|)c  in  the  embryo,  though  the  shortest  of  the 
five,  Ls  less  disproportionally  so  than  in  the  adult.  The  young 
nestles  its  head  and  fore-limbs  within  the  mai‘suj)ial  fossa,  cling- 
ing by  it.s  prec<wiou8  fore  claws  to  the  skin  or  hairs  »>f  that  j>art, 
and  imbibing  by  its  broad,  slit-shaj)cd  mouth  the  nutritious  se- 
cretion as  it  is  pressed  by  the  muscles  acting  upon  the  gland 
fmm  the  areolar  outlets  of  the  ducts. 

§ 414.  In  Marsupialia, — In  Marsiijiials  the  mammary  glands 
have  a more  compact  form  and  minutely  conglomerate  structure 
than  in  Monotremes.  They  are  developed  on  each  side  the  linea 
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alba  at  the  back  of  the  marsupial  depressions,  or  of  the  pouch; 
they  arc  not  fewer  than  two  on  each  side  (^Macropus,  I/ypsi- 
prymnus,  Phalangista,  Petunrun,  Phatrolarctof,  Phascolomys)-,  nor 
more  than  thirteen,  six  on  each  side  and  one  midway  (Didelphyt 
viryiniana).  The  follicles,  from  the  inner  surface  of  which  the 
milk-cells  are  detached,  are  cylindrical  in  shape,  j^uth  in.  in 
<liameter ; grouped  in  clusters  of  from  ten  to  twenty  on  short, 
slender  ducts,  which  enter  the  sides  of  larger  canals,  these 
uniting  to  form  four  or  six  conical  dilatations,  from  the  apices  of 
which  as  many  slender  ducts  pass  to  the  aj)ex  of  the  nipple. 
This  is  peculiar  for  its  length  and  slenderness  when  in  use ; but 
in  the  young  and  virgin  Marsupial  it  is  much  shorter,  and  lies  at 
the  bottom  of  an  inverted  part  of  the  skin  of  the  back  of  the 
|>ouch,  which  becomes  thin  and  is  reflected  over  the  end  of  the 
nipple,  like  the  prepuce  over  the  glans  ]>enis.  The  mammary 
glands  enlarge  after  impregnation,  and  rapidly  a day  or  two 
before  uterine  birth ; when,  partly  from  develojraent  of  the 
nipple,  partly  from  pressure  of  the  enlarging  gland,  aided  perhaps 
by  the  action  of  its  compressor  muscle,  the  sheath  is  everted  and 
the  nipple  protruded.  The  preliminary  infolding  of  the  integu- 
ment provides  for  the  covering  of  the  long  nipple,  which  now  is 
pendant  at  the  back  of  the  pouch.  The  compressor  muscle  arises 
from  the  ilium  between  or  near  to  the  lower  attachment  of  the 
internal  oblique  and  ‘ transversalis  alxlominis : ’ it  passes  out  of 
the  abdominal  ring,  bends  round  the  marsujnal  bone,  expands  as 
it  turns  upward  and  inward  behind  the  j)ouch  to  surround  partly 
by  carneous,  partly  by  sclerous  fibres,  the  mammary  glands, 
dividing  into  as  many  insertions  as  there  are  glands  of  its  own 
side.  This  muscle  (‘ ileo-marsupialis’  of  Cuvier)  is  the  homotype 
of  the  ‘cremaster’  in  the  male  (p.  10);  and  the  chief  function  of 
the  ossification  of  the  internal  pillar  of  the  abdominal  ring  (mar- 
supial bone)  Is  to  add  the  power  of  the  pulley  to  the  compressor 
of  the  mammary  gland,  and  effect  the  requisite  change  in  the 
course  of  the  contractile  fibres.  In  the  pouch  of  a young  Mar- 
supial the  nipples  are  indicated  by  the  inconspicuous  orifices 
of  the  teat-sheaths.  Once  naturally  protruded  and  the  sheath 
everted,  the  nij)ples  continue  external.  In  the  Kangaroo,  after 
being  some  weeks  in  use,  they  present  a slight  terminal  expan- 
sion, fig.  604,  (1.  This  part  lies  in  a deej)  longitudinal  fossa  on 
the  dorsum  of  the  tongue,  ib.  a ; and  the  originally  wide  mouth 
of  the  uterine  fictus  is  changed  to  a long  tubular  cavity,  with  a 
terminal  sub-circular  or  triangular  aperture,  just  large  enough  to 
admit  the  nipple,  to  which  the  young  Marsupial  thus  very  firmly 
VOL.  in.  3d 
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adheres.  In  the  new-born  Opossum  the  oral  pore  is  singularly 
minute,  and  the  mother's  nipple  has  an  obtuse  but  not  expanded 
termination. 

In  the  Phascogale,  in  which  the  nipples  are  relatively  larger 
than  usual,  and  of  a subcompressed  clavate  form,  the  young, 
when  grown  too  large  to  be  carried  in  the  pouch,  are  dragged 
along  by  the  mother,  if  she  be  pursued,  hanging  by  the  nipples. 

The  number  of  nipples  bears  re- 
lation to  that  of  the  young  brought 
forth  at  a birth ; although,  from  the 
circumstance  of  the  produce  of  two 
gestations  being  for  a short  time 
suckled  simultaneously,  the  nipjdes 
are  never  so  few.  Thus  the  nnipar- 
ous  Kangaroo  has  four  nipples,  of 
which  the  two  anterior  are  generally 
those  in  use : the  Petaurists,  which 
bring  forth  two  young  at  a birth,  have 
also  four  nipples  ; whilst  the  multi|>ar- 
ous  Virginian  Opossum  has  thirteen  nipples,  six  on  each  side  and 
the  thirteenth  in  the  middle.  In  the  Didelphys  Opossum  there  arc 
nine  nipples,  four  on  each  side  and  one  in  the  middle.  The  Di~ 
delphps  dorsiffera  has  the  same  number  of  nipples,  although  six  is 
the  usual  number  of  young  at  a birth,  fig.  605.  In  the  Phnsco- 
pale  penicillata  there  are  eight  nijiples  arranged  in  a circle.  The 
Perameles  nasuta  has  the  same  number  of  nipples  arranged  in  two 
slightly  curved  longitudinal  rows;  this  Marsupial  has  three  or  four 
young  at  a birth.  In  all  Marsupials  the  milk  exudes  from  six  to 
ten  minute  orifices  arranged  round  the  apex.  The  nipple  increases 
in  size  with  the  growth  of  the  mammary  fictus  ap]>ended  to  it. 

The  development  of  the  marsupial  pouch  is  in  an  inverse  ratio 
to  that  of  the  uteri  and  directly  as  that  of  the  complicated  vagina? ; 
thus  it  is  rudimental  in  the  Dorsigerous  Opossum,  which  has  the 
longest  uteri  and  the  simplest  vaginae : we  may  conclude  tlierefore 
that  the  young  undergo  a greater  amount  of  development  in  the 
womb  in  this  and  allied  species;  and  here,  if  in  any  Marsupials, 
beginnings  of  a placental  structure  may  be  found.  In  the  Kanga- 
roos and  Potoroos,  which  have  the  shortest  uteri  and  longest  vaginal 
tubes  and  cul-de-sac,  the  marsupial  pouch  is  wide  and  dcc|>.  It 
is  comjHised  of  a duplicature  of  the  integument,  of  which  the  ex- 
ternal fold  is  supported  by  longitudinal  fasciculi  of  the  panniculus 
carnosus  converging  below  to  be  implanted  in  the  symphysis 
pubis.  The  mouth  of  the  sac  is  closed  by  a strong  cutaneous 


604 


Klpplf.  at)d  heiid  of  IklammRn'  F<r(ai» 
Knu^ruo. 


Digitized  by  Coogle 


MAMMARY  ORGANS  IN  MARSUPIALIA. 


ephincter  muscle.  The  interior  of  the  pouch  is  almost  naked : a 
few  hairs  grow  around  the  nipple : it  is  lubricated  by  a brown 
sebaceous  secretion.  The  mouth  of  the  pouch  is  directed  for- 
wards in  most  Marsupials : the  reversed  position  in  the  Perameles, 
and  Chscropus,  where  the 
mouth  is  directed  towards 

the  vulva,  has  been  already  /'TX 

noticed. 

In  the  male  Thylacine  J/ ( 

the  rudimental  marsupium  ^ { 

is  retained,  in  the  form  of  V / H 

a broad  triangular  depres-  s V 

sion  or  shallow  inverted  fj 

fold  of  the  abdominal  in-  ij 

tegument,  from  the  middle  j j | \ 

of  which  the  peduncle  of  J J j '!r^  •.  V 

the  scrotum  is  continued.  //  y % 

In  the  female  the  orifice  of  ! j •' 
the  capacious  pouch  is  situ-  Ilf  i''J  \ 

nted  nearer  the  posterior  5 ' gC-  \ 

than  the  anterior  boundary  /.  i 'vK 

of  that  receptacle.  ■■  « 

From  experiments  and  g 

observations  made  at  the 
London  Zoological  Gar- 
dens  in  1833,  I inferred  ) ’ K 
that  in  the  case  of  the  I I I m 

Kangaroo  the  fore  paws  / 1 ij 

were  not  used  for  the  trans-  j | 
mission  of  the  foetus,  but  j / ^ II  Jr 

to  keep  open  the  pouch  , 
ready  for  its  reception,  the  I J a 

new-born  animal  being  de-  \ \ / s 

posited  therein  by  the  \ - - y 

mouth,  and  so  held  over  a 

nipple  until  the  mother 

V 1 /.  t.  . , - Fem»]€  Dldclphyt  doTBlgcni,  wUh  jouuf  and  pouch. 

had  telt  it  grasping  the 
sensitive  extremity  of  the  nipple. 

This  means  of  removal  is  consistent  with  analogy  ; dogs,  cats, 
mice,  all  transport  their  young  from  place  to  place  with  the 
mouth.  In  the  case  of  the  Kangaroo,  it  may  be  supposed  that 
the  fietus  would  be  held  by  the  lips  only,  not  the  teeth,  on 
account  of  its  delicate  consistence.  There  is  no  internal  passage 


Female  Dldclphxt  doralffcra,  with  young  and  pouch. 
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from  the  uterus  to  the  pouch : — the  mouth  of  the  vagina  cannot 
be  brought  into  contact  with  that  of  the  pouch,  either  by  mus- 
cular contraction  in  the  living  or  by  any  force  of  stretching  in 
the  dead  Kangaroo: — as  the  voung  was  proved  bv  the  result  of 
th  is  exj>eriment  not  to  have  the  power  of  itself  to  r^:ain  the 
nipple,  a fortiori  we  may  conclude  that  it  could  not  transfer  itself 
from  the  vulva  to  the  interior  of  the  pouch  and  to  the  apex  of  the 
nip|)le : — the  fore-paws  of  the  Kangaroo  would  not  so  eflectually 
protect  the  tender  embryo  from  the  external  air  as  the  mouth, 
nor  so  safely  ensure  its  passage  to  the  pouch,  notwithstanding 
that  they  are  adroitly  used  in  grasping  objects,  being  similar,  in 
respect  of  the  extent  and  freedom  of  motion  of  the  digits,  to  the 
fore-paws  of  the  Rfxlents. 

The  new-born  Kangaroo  {Macroput  major,  fig.  606),  which  I 
discovered  in  the  j>ouch  a few  hours  after  uterine  gestation. 

606  measured  one  inch  from  the  mouth  to  the 


ftFfd*  und  left 


root  of  the  tail,  was  quite  naked,  and  covered 
by  a thin  semitransjmrent  vascular  integu- 
ment ; the  jdace  of  attachment  of  the  umbi- 
lical chord  was  obscurely  indicated  by  a 
longitudinal  linear  cicatrix.  The  forc-lcgs 
were  longer  and  stronger  than  the  hind  ones, 
and  the  digits  were  provided  with  claws ; 
the  toes  were  developed  on  the  hind-legs ; 
the  body  was  bent  forward ; and  the  short 


tail  tucked  in  between  the  hind-legs.  This  little  animal  breatheil 
strongly,  but  slowly:  no  direct  act  of  sucking  could  be  perceive*!. 
Such,  after  a gestation  of  thirty-eight  dav'.«,  is  the  condition  of 
the  new-born  young  of  a species  of  Kanganx),  of  which  the  adult, 
when  standing  erect  on  his  hind-feet  and  tail,  can  reach  to  the 
height  of  seven  feet. 

It  has  greater  powers  of  action  than  the  same  sized  embryo  of 
the  sheep  ; but  less  than  has  the  new-born  young  of  the  rat. 
For,  although  it  is  enabled  by  the  muscular  powers  of  the  ‘ orbi- 
cularis oris,’  and  those  of  the  precociously-developed  tongue,  to 
grasj)  and  adhere  finnly  to  the  nipjdc,  it  seems  unable  to  draw  all 
the  needed  sustenance  therefrom  unaided.  And  here  the  modifie*! 


‘ cremaster’  comes  into  l>Iay,  being  adaj>ted  to  inject  the  milk  int*i 
the  small  feeble  prematurely-born  creature’s  mouth.  One  cannot 
8upi)ose  that  its  efl’orts  at  suction  should  always  and  exactly 
coincide  with  the  mother's  act  of  injection.  And  we  find,  in 
fact,  provision  for  the  required  special  relation  of  the  larynx  to 
the  jM)stcrior  nares.  The  epiglottis  and  arytenoid  cartilages  arc 
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elongated  and  approximated,  and  tlie  rima  glottidis  is  thus 
situated  at  the  apex  of  a cone-shaped  larynx,  fig.  604,  c,  which 
projects  into  the  posterior  nares,  where  it  is  closely  embraced  by 
the  muscles  of  the  soft  palate.  The  air-passage,  6,  is  thus  com- 
pletely separated  from  the  fauces,  and  the  injected  milk  passes 
in  a divided  stream  on  either  side  the  larynx  to  the  oesophagus. 

Thus  aided  and  protected  by  modifications  of  structure,  both 
in  the  system  of  the  mother  and  its  own,  designed  with  especial 
reference  to  each  other’s  peculiar  condition,  and  affording,  there- 
fore, the  most  irrefragable  evidence  of  creative  foresight,  the 
small  offspring  of  the  Kangaroo  continues  to  increase,  from  sus- 
tenance exclusively  derived  from  the  mother,  for  a period  of 
about  eight  months.  During  this  period  the  hind-legs  and  tail 
assume  a great  part  of  their  adult  proportions ; the  muzzle  elon- 
gates; the  external  ears  and  eyelids  are  completed;  the  hair 
begins  to  be  developed  at  about  the  sixth  month.  At  the  eighth 
month  the  young  Kangaroo  may  be  seen  frequently  to  protrude 
its  head  from  the  mouth  of  the  pouch,  and  to  crop  the  grass  at 
the  same  time  that  the  mother  is  browsing.  Having  thus 
acquired  additional  strength,  it  quits  the  pouch,  and  hops  at  first 
with  a feeble  and  vacillating  gait,  but  continues  to  return  to  the 
pouch  for  occasional  shelter  and  supplies  of  food  till  it  has  at- 
tained the  weight  of  ten  pounds.  After  this  it  will  occasionally 
insert  its  head  for  the  purpose  of  sucking,  notwithstanding 
another  foetus  may  have  been  dejwsited  in  the  ■ pouch  ; for  the 
latter  attaches  itself  to  a different  nipple  from  the  one  which  had 
been  used  by  its  predecessor. 

Dr.  Meigs  ' reckons  the  utero-gestation  of  a female  DUMphy* 
Virginiana,  which  bred  in  captivity,  as  extending  from  the  18th 
February  to  the  7th  March — a period  of  seventeen  days’ — when 
she  brought  forth  thirteen  young,  which  were  found  attached  to  as 
many  nipples.  The  mammas  began  to  enlarge  four  daj-s  prior  to 
birth.  On  the  6th  March  she  was  observcol  to  lay  on  her  side 
with  her  nose  turned  inward  between  her  legs  towards  the  belly, 
and  took  scarcely  any  notice  of  her  keeper's  hand  when  intro- 
duced into  the  box  ; the  transit  of  the  foetuses  was  probably  in  pre- 
paration or  operation  at  this  time.  The  young,  observed  on  tho 
7th,  and  which  were  certainly  not  in  the  pouch  on  the  5th,  and 
probably  not  until  the  night  of  the  6th,  were  naked,  of  a rose 

* In  a valuiiblo  memoir  on  the  Rt  produclion  of  the  Opossum,  cci.xxvin^. 

* l)r.  Barton  computed  the  utero-gesUtion  of  the  Virginian  Opossum  at  from  twenty^ 
two  to  twenty*six  days  : his  female  brought  forth  scyod  young  on  the  2Ut  of  March  ; 
and  had  shortly  before  that  time  given  suck  to  five  young  ones  ns  large  as  rats.  i.xxx\ 
p.  320. 
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tint,  each  3^  grains  in  weight,  and  8-lOths  of  an  inch  in  length 
to  the  end  of  the  tail : adhering  strongly  to  the  nipple,  suck- 
ing actively,  and  clinging  to  the  fur  by  the  unguiculate  digits  of 
their  fore-limbs,  which  they  used  freely.  One  survived  separation 
from  the  nipple  one  hour  and  twenty-nine  minutes,  turned  itself 
over  and  moved  round  the  glass  in  various  directions  : respiring 
by  the  nostrils  twenty-two  times  per  minute,  and  ejecting  bubbles 
of  milk  from  mouth.  The  hind-limbs  were  each  a mere  bud, 
with  feeble  indications  of  toes,  without  claws.  The  tongue  is  very 
large — ^ the  entire  weight  of  the  head.  The  power  of  suction 
is  such  that  the  point  of  a pencil  applied  to  the  oral  pore  is  held 
so  strongly  that  the  young  can  be  ]>artially  lifted  up  by  it.  On 
March  14th  the  young  weighed  12  grains,  showing  an  increase 
of  weight  at  the  rate  of  250  per  cent,  in  seven  days ; it  was  now 
l.f‘g-  inch  long.  On  March  18th  the  weight  was  18  grains:  the 
claws  appeared  on  the  hind-toes : the  testes  had  descended  into 
a large  scrotum.  The  eyelids  were  still  sealed,  but  movements 
of  the  eyeball  were  visible  beneath  the  skin.  On  Jlay  22nd 
Dr.  Meigs  found  one  of  the  young  crawling  on  the  lx»dy  of  the 
dam  ; its  weight  was  42  grains ; the  eyes  were  open.  This  gave 
a term  of  marsupial  gestation  of  74  days.  But  the  young  return 
to  the  ]M>uch  for  food  and  shelter  until  near  the  time  for  reception 
of  a succeeding  litter. 

In  Thjlacinus  the  pouch  opens  backward,  or  vent-ward,  as  in 
Peramehs  ; and  shows  four  nipples.'  In  a female  which  carried 
there  three  young,  each  1 foot  in  length  from  the  snout  to  the 
end  of  the  tail,  the  length  of  the  pouch  was  8 inches ; its  a|>erture 
was  3 J inches  wide,  and  the  bag  expanded  as  it  extended  forward  to 
a width  of  6 inches.  The  teats  were  4 inches  long.  The  young 
were  males  : the  testes  had  descended  into  a pendulous  scrotum  one 
inch  in  advance  of  the  cloaca,  from  which  the  grooved  but  undivided 
penis  projected  ; the  eyelids  were  closed,  but  not  adherent.  The 
tongue  presented  a longitudinal  rising,  with  a medial  groove,  the 
rising  fitted  into  a depression  on  the  nwf  of  the  mouth  bounded 
by  two,  parallel,  long  and  narrow  palatal  bones,  recalling  the  ct>n- 
dition  of  these  bones  in  Sauna.  In  Myrmreobiut  ‘ the  female  is 
destitute  of  a jKnich  and  has,  apparently,  eight  nipples,  arranged 
in  a circle.’  ^ 

Besides  the  natural  and  portable  nest,  some  Marsupials  (Z)i'de/- 
phys,  Phascoyale,  C/tceropits,  Perameles)  construct  artificial  ones. 
Peramdrs  myosurus,  e.g.  ‘ makes  a com|>act  nest  in  a hollow  of 
the  ground,  of  grasses  and  other  materials,  which  assimilate  chrselv 
' cci.xxxi'.  p.  us.  » ivi.xxx".  p.  394. 
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in  colour  and  appearance  to  the  surrounding  herbage : ’•  the  nest 
is  generally  inhabited  by  the  pair,  with  three  or  four  young,  when 
these  are  so  large  as  to  quit  the  pouch. 

§ 415.  In  Lissencephala. — The  fertile  and  commonly  multi- 
parous species  of  the  Rodent  order  have  corresponding  provision 
for  the  nourishment  of  the  young  in  the  number  of  nipples.  A 
seeming  exception  is  presented  by  the  domesticated  breed  of  S. 
American  Cavy,  called  ‘ Guinea-pig.’  The  prolific  power  of  this 
well-fed  pet  is  proverbial : they  begin  to  breed  at  two  months  old, 
and  gestation  may  be  rej>eated  at  intervals  of  two  or  three  months. 
The  first  litter  consists  of  four,  the  second  of  five  or  six  ; and, 
as  full  maturity  is  gained  by  the  mother,  she  may  bring  forth 
eight,  ten,  and  even  twelve  young : and  yet  she  has  only  two 
ni]>ples  to  serve  them,  turn  and  turn  about.  The  teats  are  large 
and  prominent,  but  lodged  in  a small  shallow  pouch,  one  on  each 
side  of  the  hind  part  of  the  belly.  The  mammary  glands,  how- 
ever, attain  a size  more  in  accordance  with  the  demands  upon 
them : they  are  not  pendant,  like  an  udder,  but  fiat  and  spread 
over  the  abdomen.  The  wild  original  (Caviu  aperea,  Linn.) 
breeds  but  once  a year,  and  then  has  but  one  or  two  young. 
Dolichotis  has  but  two  young.  Echimps  appears  to  have  but 
two  teats,  placed  midway  between  fore  and  hind  legs:  Rennger 
found  two  young  in  the  nest  at  the  bottom  of  the  burrow : they 
were  blind  The  Paca  ( Caelogenys),  with  commonly  two  young, 
has  four  teats ; and  this  number  is  not  surpassed  in  Lngostomus, 
Cercolabes,  Erithizon,  Ilgstrix,  Capromgs,  Ilelamgs,  Dipus,  and 
some  species  of  Sciurus  (^Sc.  palmarum).  In  the  Biscacha  the 
anterior  pair  of  teats  is  1^  inches  behind  the  base  of  the  fore- 
legs : the  posterior  pair  2 inches  farther  back.  In  the  prehensile 
Porcupine  the  hind  nipple  is  midway  between  the  fore  and  hind 
leg,  the  front  nipple  midway  between  this  and  the  base  of  the 
fore-leg.  Both  these  species,  the  common  and  the  Canadian  Por- 
cupines, have  usually  two  at  a birth.  The  mother  Cogpu  usually 
carries  her  young  upon  the  back  in  her  frequent  traverses  of  the 
river  she  frequents : her  teats  are  easily  reached  by  the  young  so 
transported,  as  they  project  from  the  fianks,  nearer  the  back  than 
the  belly : the  anterior  pair  are  just  behind  the  shoulders : the 
jjostcrior  pair  anterior  to  the  haunches.  The  nipples  are  rather  less 
elevated  than  in  the  Coypii,in  Ilgdrucharus,  which  swims  with  the 
young  on  her  back : they  are  also  lateral  in  Lngostomus,  Octodou, 
JJabrocoma,  and  Nelomgs.^  lu  Octodon  the  foremost  nipple  is 
I inch  behind  the  base  of  the  fore-leg : the  hindmost  pair  are 

' ccixxix".  ’ ccixxx".  p.  299. 
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inguinal.  In  the  burrowing  Mole-rat  the  anterior  nipple  is  on  the 
inside  of  the  base  of  the  fore-leg,  the  posterior  one  at  the  middle 
of  the  inner  side  of  the  thigh.  There  are  six  teats  in  Bathyergus, 
eight  in  Loncheres,  Octodon,  and  Dasijprocta,  ten  in  Myorns, 
and  J^pus ; twelve  in  the  Rat  and  Mouse  : even  fourteen  are  said 
to  have  been  noted  in  the  Agouti,  but  this  is  probably  abnormal. 

The  Insectivorous  order  yields  the  inaxiinuni  number  of  nipples 
in  the  mammalian  class ; as  many  as  twenty-two  having  been 
observed  in  the  tropical  Hedgehog  called  Tenrec  {Ceiitefes),  and 
the  number  rarely  falls  below  fourteen.  In  such  multiplica- 
tion of  teats  and  lacteal  glands  they  extend  along  the  under 
surface  of  the  body  from  the  pectoral  to  the  inguinal  region  ; 
and,  in  some  Shrews  {Sorex  crassicaudatus,  e.g.),  the  last  pair 
of  teats  projects  from  the  under  side  of  the  thick  base  of  the 
tail.  In  the  common  Hedgehog  {Erinaeeus)  there  are  ten  teats, 
three  pairs  thoracic  and  two  pairs  abdominal,  ranging  from  the 
pectoral  to  the  inguinal  regions.  The  thin  and  flat  mammary 
glands  seem  to  form  a continuous  stratum.  In  Shrews  and 
Moles  the  teats  are  from  six  to  eight  in  number.  In  the  volant 
Insectivora  they  are  usually  reduced  to  two,  and  are  pectoral  in 
position,  whence  Linnaeus  was  led  to  avail  himself  of  this,  with 
another  outward  genital  character,  to  unite  Bats  in  the  same 
order  {Primates)  with  Apes  and  Man,  But  the  Sloths  have  one 
pair  of  pectoral  teats  and  mammary  glands.  Many  Armadillos, 
likewise,  have  two  pectoral  teats ; to  which,  in  a few  kinds 
(X).  novem-ciiictus,  e.g.),  a pair  of  inguinal  teats  are  added.  The 
two-toed  Antcater  has  two  pectoral  and  two  ventral  teats.  The 
great  Antcater  {Myrmecophaga  jubata)  is  limited  to  two  jiectoral 
mamma:.  The  young  animal  remains  with  the  mother  for  the 
space  of  a year,  and  is  carried  on  her  back.  In  a S|)ccie8  of 
PhyUostoma  I have  seen  two  pubic  as  well  as  two  j)cctoral  teats. 
The  latter  in  all  bats  are  almost  laterally  placed,  and  in  l^eropns 
arc  axillary  ; the  ni])ple  when  in  use  becomes  long,  compressed, 
and  sub-pedunculate.  The  Colugo  (Galeopithecus  volans)  has  two 
nipples  in  each  ann-pit:  they  become  large  during  maternity,  for 
the  young  cling  long  to  them. 

Among  JAssencepbala  the  Rcslents  are  most  remarkable  for 
nidificatory  instincts.  The  little  Harvest-mouse  {Mus  messortHs) 
builds  a round  nest,  like  a Tit’s,  and  attaches  it,  high  up  fn>m 
the  ground,  to  the  stems  of  full  grown  rye,  barley,  or  other  cereal. 
The  nest  of  the  Marsh  Hare  (Lepiis  palustris)  is  fonned  of  a 
large  kind  of  rush  [Jinicus  rffiisiis),  cut  into  pieces  almut  a f»w>t 
in  length,  and  is  arched  over;  the  foundation  of  the  nest  is 
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usually  a tussock  surrounded  by  water,  like  a lake-dwelling : the 
number  of  young  is  from  four  to  seven. 

§ 416.  In  Mutilata. — In  Cetacea  tbe  mammary  glands,  two  in 
number,  are  oblong,  narrow,  flat  bodies,  lying  between  the  dermal 
and  abdominal  muscles,  with  the  subcutaneous  blubber  between 
them  and  the  skin.  The  requisite  mass  of  glandular  substance 
at  tbe  suckling  season  is  obtained  by  horizontal  extent,  not  by 
thickness,  so  that  they  do  not  project,  or  interfere  with  the  requi- 
site shape  of  the  natatory  animal.  Each  gland  has  a principal  duct 
running  in  the  middle  through  the  whole  length  of  the  gland,  and 
collecting  the  smaller  lateral  ducts,  which  are  made  up  of  the  still 
smaller  ones.  ‘ Some  of  these  lateral  branches  enter  the  common 
trunk  in  the  direction  of  the  milk’s  passage,  others  in  the  contrary 
direction,  especially  those  nearest  to  the  termination  of  the  trunk 
in  the  nipple.  The  trunk  is 
large,  and  appears  to  serve  as 
a reservoir  for  the  milk;’’  it  is 
continued  from  the  hinder  end 
of  the  gland,  and  terminates  in 
a nipple  concealed  in  a cleft,  fig. 

608,  c,  one  on  each  side  of  the 
vulva,  a,  and  toward  the  vent,  h. 


Hammary  cleft  illlaicd.  rxliIhUliig  Die  nipple 
and  Ua  orlOcr*.  Purpoiae.  ccLXXXiii". 


Position  of  mammary  riefis,  Purpulte. 
OCLXXXIII*'. 


The  lateral  portions  of  the  cleft  are  composed  of  parts  hx)ser  in 
texture  than  the  common  skin,  which  is  probably  to  admit  of  the 
elongation  or  projection  of  the  nipple.  On  the  outside  of  this 
there  is  another  small  fissure,  which  gives  greater  facility  to  the 
movements  of  all  these  parts. 

The  nipple  itself,  shown  by  dilating  the  mammary  fossa  in 
fig.  607,  is  perforated  by  numerous  lacteal  ducts.  Hunter  thus 
alludes  to  the  unusual  circumstances  under  which  the  act  of 


' xciT.  p.  392. 
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sucking  must  be  performed  in  the  present  aquatic  mammals 
‘ As  either  the  mother  or  young  one  will  be  prevented  froc 
breathing  at  the  time,  their  nostrils  being  in  opposite  direction.-, 
therefore  the  nose  of  one  must  be  under  water,  and  the  time  <i 
sucking  can  only  be  between  each  respiration.’  The  consideratfe 
lacteal  reservoir,  and  the  quality  of  milk  it  contains,'  relate  to  thk 
difficulty. 

Some  stress  has  been  laid  on  the  assistance  which  the  mosclts 
in  contact  with  the  mammary  gland  might  affiord  by  compressing 
the  gland  and  ejecting  the  milk  accumulated  in  the  dilated  recep- 
tacle ; ‘ but,’  as  I remarked  in  cxLiv".  p.  594,  ‘ when  we  consider 
how  great  the  pressure  of  the  surrounding  water  must  be  upon 
the  c.vtended  surface  of  the  mammary  gland,  we  may  readily  con- 
eeive  that  when  the  nipple  is  grasped  by  the  mouth  of  the  young, 
and  the  pres-sure  removed  from  it  by  the  retraction  of  the  tongne, 
the  milk  will  be  expelled  in  a copious  stream  by  means  of  the 
surrounding  pressure  alone,  independently  of  muscular  aid.’ 

In  Sirenia  the  mammary  glands,  also  a pair,  are  pectoral  in 
position;  the  teats  are  prominent  and  conspicuous  at  the  suckling 
season.  The  mother  has  been  seen  holding  her  young  to  the 
breast,  with  one  flijiper,  and  maintaining  both  her  own  and  her 
offspring’s  nostrils  above  water.  The  resemblance  to  a black 
woman  and  child  has  attracted  attention,  and  the  appearance  of 
the  tail-fin  as  she  dived,  has  served  to  perpetuate  the  seaman's 
faith  in  the  ‘ mermaid.’ 

§ 417.  In  Unf/ulata. — The  Elephant  resembles  the  Dugong  in 
the  number  and  |)osition  of  the  mammary  glands  and  teats,  which 
project  between  the  fore-legs.  The  young  animal  compresses  the 
gland  with  its  proboscis  as  its  sucks. 

In  the  unimpregnated  Rhinoceros  the  mammary  glands,  two  in 
number,  form  a thin  layer  expanding  forwards  beneath  the  ab- 
dominal integument,  between  the  dermal  and  abdominal  muscles. 
The  nipples  arc  two  in  number  and  inguinal,  are  situated  14 
inches  in  advance  of  the  vulva,  and  2^  inches  apart  from  one 
another.  They  are  subeompressed,  obtusely  rounded  at  the 
extremity,  and  about  2 inches  in  length : about  a dozen  lacti- 
ferous ducts  open  ujwn  the  somewhat  fiatteued  summit  of  each 
nipple. 

In  the  Mare  and  Ass  the  mammary  glands,  two  in  number,  are 
situated  between  the  thighs  at  a distance  of  about  9 inches  in 

‘ ‘Tho  milk  in  prulmbly  very  rieli ; for  in  that  cannht  near  Berkeley  wiih  ita  young 
one,  the  milk,  which  was  tnsteJ  by  Mr.  Jenner,  and  Mr.  Ludlow,  em-geon,  at  Sodbnrr, 
WU8  rich  like  cow's  milk  to  which  cream  had  been  added.'  xciv.  p.  392. 
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front  of  the  vulva.  The  nipples  project,  one  on  each  side  of  the 
mesial  line,  an  inch  and  a half  apart,  near  the  base  of  the  ‘ pre- 
putium  clitoridis  ; ’ the  lactiferous  ducts  open,  above  the  base  of 
the  nipple,  into  a large  reservoir,  which  is  divided  by  an  internal 
septum  into  two  chambers,  one  situated  in  front,  and  the  other 
behind;  from  each  chamber  a separate  duct  is  derived,  which 
passes  along  the  nipple  as  far  as  its  extremity,  where  it  termi- 
nates. The  orifices  are  one  behind  the  other,  about  a line  apart. 
The  rudimental  nipples,  in  the  male  Equidae,  are  concealed 
within  the  prominent  annular  preputial  fold  of  integument,  and 
long  escaped  observation.' 

The  Tapir  has  two  inguinal  nipples.  The  smaller  and  more 
prolific  Perissodactyle,  Ilyrax,  has  four  teats,  all  inguinal  in 
position.* 

In  the  Hippopotamus  the  two  teats  are  inguinal,  small,  and 
round  in  the  virgin  female.  The  Peccari  has  four  teats,  two 
ventral,  two  inguinal.  The  Wart-hog  {Phacochcerus)  has  six 
nipples ; two  inguinal,  four  ventral : the  W ater-hog  (Potamo- 
chcerus)  has  eight  nipples,  and  such  is  sometimes  the  number  in 
the  wild  Sow  ; but  in  the  domestic  breeds  the  nipples  are  seldom 
below  ten  in  number,  distributed  from  the  pectoral  to  the  inguinal 
region. 

All  ruminants  have  the  mammary  glands  compacted  into  a 
roundish  mass,  more  or  less  pendulous  when  in  full  function ; 
divisible  into  two  glands,  each  remarkable  for  its  large  lacteal 
reservoir,  from  which  the  milk  is  conveyed  to  either  one  pair  or 
two  pairs  of  teats;  these,  when  in  use,  are  so  elongated  as  to 
have  received  the  special  name  of  ‘udders;’  they  are  alwavs 
inguinal  in  position,  are  hollow  and  have  a contracted  tubular 
terminal  aperture. 

Moschida,  Ovidte,  many  Anteloj>e8,  including  the  Gazelles, 
Bubalines,  with  Bubalus  moschatus,  have  but  two  teats.  An- 
tilope dama,  A.  strepsiceroi,  A.  Oreas,  and  their  allies  have 
four  teats.  All  Cervidee,  from  the  great  Elk  to  the  little  Roe, 
have  four  teats  ; as  have  also  the  Camels,  Camelopard,  and  all 
Bovines.  In  some  of  our  domestic  cows  a supernumerary  pair 
is  occasionally  developed.  Behind  each  teat,  in  the  Gazelle, 
there  is  a pouch  of  skin,  opening  fonvard,  about  seven  lines  in 

' meucula  mammas  non  haUni.  Kai,  Synops.  method.  Anim.  quod. 

p.  64. 

* ScHKEDER  found  oclj  this  number  in  /lyrax  capensu,  as  did  Eiikk.vbeug  in  H. 
Syriaau.  Dbsuaekst  adds  a pectoral  pair,  but  this  needs  confirmation. 


Digitized  by  Google 


780 


ANATOMY  OF  VERTEBRATES. 


depth,  reminding  one  of  the  pair  of  marsupia  in  Echidna,  save 
that  the  milk  escapes  in  front  of,  and  not  into,  the  pouches. 

§ 418.  In  Carnivora. — In  the  Seal-tribe,  including  the  Walrus, 
the  number  of  teats  does  not  exceed  four.  In  the  Otters 
(Enhydra,  Lulra)  only  two  teats  have  been  observed,  ventral  in 
{K>sition.  The  Mustelidce  have  from  four  to  six  ventral  teats. 
Six  is  the  common  number  in  Ursidce,  two  being  pectoral  and  four 
ventral.  In  Cercoleptes  I found  but  two  ventral  teats.  Procyon, 
Meles,  Taxidia,  Nasua,  have  six ; Ailurus  has  eight  teats.  The 
palm-cats  (Paradoxurus)  and  Ichneumons  (^Herpestes)  have  four 
ventral  teats.  They  seem  not  to  exceed  that  number  in  the  Hyte- 
nas ; but  in  the  Civets  two  pectoral  nipples  are  sometimes  added  to 
the  four  ventral  ones.  The  felines  have  usually  six  nipples,  four 
ventral,  and  two  pectoral ; but  in  the  domestic  cat  eight  have 
been  seen.  The  Canida,  wolf,  dog,  jackall,  fox,  have  usually 
eight  teats. 

§ 419.  In  Quadrumana. — In  the  Aye-aye  (Chiromys)  there  is 
but  one  p.air  of  nipples,  situated  about  an  inch  and  a half  in  ad- 
vance of  the  vulva,  and  one  inch  apart:  they  arc  sub-elongatc , 
obtuse,  with  about  a dozen  terminal  lacteal  pores.  To  such  a 
pair  of  inguinal  nipples  some  Lemurida  {Stenops,  Tarsius,  Micrtf- 
cebus,  c. g.)  add  a pectoral  pair;  while  in  Otolienus  and  some 
kinds  of  Alaki  (Lemur  entta,  e.g.)'  two  pairs  of  pectoral  nijjples 
have  been  found. 

In  platy rhino  and  catarhinc  Quadrumana  the  mammary  glands 
and  nipples  are  restricted,  as  a rule,  to  a single  i>air,  and 
to  the  pectoral  region.  In  the  ordinary  quadrupedal  progres- 
sion, the  young,  with  its  belly  ai>plicd  to  that  of  the  mother, 
clings  back  downward,  by  the  fore  and  hind  feet  to  her  flanks, 
holding  on  by  the  mouth  to  the  teat  between  her  fore-legs.  In 
the  seated  j)osture  the  mother  ape  holds  her  young  to  the  nipple 
by  the  fore-limbs,  in  a very  human  fashion.  The  integument 
covering  the  mammary  gland  is  not  protruded  by  its  enlarge- 
ment in  the  form  of  a hemispheroid  ‘breast:  ’ it  is  covered  with 
hair,  like  the  rest  of  the  body,  becomes  conical  and  pendulous, 
with  much  elongation  of  the  nij)ple,  as  the  suckling  period  is 
pndonged.  In  an  Orang-utan  (Pithecus  satyrui),  I have  ob- 
served an  accessory  nipple  on  the  left  side,  below  the  normal 
one  and  of  smaller  size.’  From  ten  to  twelve  lacteal  ducts  open 
uiK)u  the  ajiex  of  the  normal  nipple  in  the  Orang.  Around  the 
base  of  the  nipple  open  the  orifices  of  sebaceous  ducts. 

§ 420.  In  liimaita  the  mammary  glands,  two  in  number,  are 

' XX.  vol,  V.  p.  208,  no.  377fi  x.  ’ Ibid.  ■. 
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Bubdcpressed  circular  bodies,  thicker  at  the  middle  than  at  the 
circumference,  which,  with  the  connected  sclerous,  areolar,  and 
adipose  tissues,  raise  the  pectoral  integument,  at  puberty,  in 
the  form  of  two  large  hemispheres  or  ‘ breasts ; ’ and,  from  a 
little  below  the  centre  or  apex  of  each,  pro- 
jects the  ‘ nipple.’  The  base  of  the  ‘ breast  ’ 
corresponds  to  the  interval  between  the  third 
and  the  sixth  or  seventh  ribs.  The  gland  is  of 
a firm  texture  and  pale  reddish  colour : the 
secerning  follicles,  when  injected  with  mer- 
cury, are  just  visible  to  the  naked  eye.  Mag- 
nified four  times,  they  present  the  appearance 
shown  in  fig.  609.  They  are  aggregated  in 
clusters  or  ‘ glandules  ’ of  different  sizes,  sus- 
pended by  the  duct  resulting  from  the  union 
of  those  of  the  follicles.  The  short  or  stem- 
ducts  open  into  a wide  canal,  and  these,  fig. 

610,  c,d,  by  successive  unions,  form  dilated  reservoirs  of  a coni- 
cal form,  ib.  b,  b,  from  the  apices  of  which  are  continued  the 


609 


Rerrrntiifr  folllrle*  <ind  ul> 
tlnmle  lohulcn  of  llntimn 
M>nimar)'  irltuid.  Injrrt* 

od  wUli  nirrcur)' : tnairn. 
fuurtlnica.  ci'LXxxiv'*. 


610 


Fntro  % Coopertan  iircpanitloo  of  («rln  of  tlii*  ff  nmiui  manintfirr  irkud,  liii«rc(cd  frura  aii  irriniiial  durtn. 
a.  A,  and  drii'd.  (ri.xxxiv". 

‘ straight  ducts,’  a,  a,  of  the  nipple.  The  gland  is  enclosed  in  a 
sclerous  ca]>sule,  fig.  61 1 , n,  a,  firmest  where  it  is  attached  to  the 
derm,  whence  are  continued  (irocesses  into  the  substance  of  the 


J 


Digitized  by  Google 


782  ANATOMY  OF  VERTEBRATES. 

gland  subdividing  it,  or  defining  its  lobes  ; and  whicb,  from  their 
connection  with  the  tegument,  are  called  ‘ suspensory  ’ ligaments. 
Finer  processes  connect  the  opposite  surface  or  base  of  the  gland 
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From  a Conperinn  |>Trt>aratlon  of  the  icleroni  framfwork  and  attarhmenU  of  tho  Honun  manuBary 
A brittle  It  i>a«acd  behind  aoue  of  the  atralglil  or  tenuliial  lacUferuua  daeta.  ccLXXZl>**'. 


with  the  fascia  of  the  pectoral  muscle,  h,  b.  The  nipple  in  the 
virgin  is  a rounded  cone  and  nearly  smooth ; at  sixteen  years 
it  is  slightly  wrinkled  ; at  seventeen  it  has  small  papillae  upon 
its  surface ; from  twenty  to  forty  years  the  papillae  are  large ; 

from  forty  to  fifty  the  nip- 
ple becomes  wrinkled;  from 
fifty  to  sixty  the  nipple  is 
elongated ; and  in  old  age 
it  usually  has  a warty  ap- 
pearance, When  in  use 
its  extremity  expands  and 
shows  the  circularly  dis- 
jwsed  conspicuous  pores  of 
the  lacteal  ducts.  The  pa- 
pillae of  the  nipple,  fig.  612, 
arc  directed  toward  its  apex. 
The  coloured  portion  of 
skin  around  the  base  of  the 
nipple  is  the  ‘ areola : ’ it 

SeDiltlTi?  papUUr  of  the  lltmi«n  nipple  uid  arvnla ; nftt.  CXpailds  and  cliangCS  frOnt 

•lie.  CC1.XXI1V".  reddish  colour  to  a dark 

brown,  after  impregnation.  Around  the  base  of  the  nipple  are 
orifices  of  complex  sebaceous  glands.  The  skin  of  the  areola  is 
covered  with  papilla:,  like  those  of  the  nipple,  but  of  smaller  size ; 
they  are  dis{>osed  in  circles,  directed  toward  the  nipple,  so  that 
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tliey  also  are  opposed  to  the  papillae  of  the  lips  of  the  child : being 
liiphly  vascular  and  nervous,  they  yield,  when  so  grasped,  a sen- 
sation which  is  followed  by  erection  of  the  nipple  through  a 
fitting  arrangement  of  its  vascular  tissue.  The  homotypal  gland, 
in  the  male,  varies  from  four  lines  to  two  inches  in  diameter. 
Astlet  Cooper  succeeded 
in  demonstrating  its  conform- 
able structure  to  the  func- 
tional gland  in  the  female : 
fig.  613  is  taken  from  his 
preparation.  Under  special 
circumstances  and  stimuli 
such  gland  may  be  developed 
so  os  to  afford  sustenance  to 
the  infant,  of  which  more  than  one  case  has  been  recorded. 

The  chief  varieties  in  the  female  mammary  organs  relate  to 
prolonged  periods  of  lactation,  as  in  those  inferior  races  in  whom 
the  dugs  become  so  extended  as  to  permit  the  nipple  to  be  thrown 
over  the  shoulder  to  the  child  carrie<l  on  the  mother’s  back. 
Cuvier  noted  an  unusual  breadth  of  the  mammary  areola  in  the 
‘ Hottentot  Venus.’ ' 

Anomalies  of  supernumerary  nipjiles  and  glands  are  rare.’ 

On  a retros|)ect  of  the  comparative  anatomy  of  the  mammary 
organs  we  see  that  the  modifications  of  these  persistent  tributaries 
to  the  growth  of  the  young  mammal  serve  as  little  to  charac- 
terise groups  as  do  the  deciduous  nutritive  organs  at  the  uterine 
period  of  life.  A pair  of  ]>cctoral  mamma;  would  associate  to- 
gether as  heterogeneous  an  assemblage  of  species  as  does  the  dif- 
fused, or  even  the  discoid,  placenta.  We  may,  however,  discern 
in  part,  the  uses  of  mammary  modifications ; whilst  the  teleological 
relations  of  a zonular,  a cotyloid,  or  a cotyledonal  afterbirth  can, 
at  best,  be  but  very  vaguely  guessed  at. 

§421.  Adipose  substances. — These  are  common  to  all  orga- 
nisms, protozoa,  plants,  animals.’  In  Mammalia  they  exist 

' ccixxxt'. 

* In  the  instADce  narrmtecl  in  oci  xxxrr'.  the  second  nipple  on  each  side  was  one- 
sixth  the  size  of  the  normal  one.  ami  sitoated  near  the  anterior  margin  of  the  axilla. 
Wlien  gently  pre<4^^1,  a milky  fluid  flowed  from  several  ducts  opening  u(»on  its 
extremity.  When  milk  was  drawn  from  the  normal  breasts,  a small  quantity  usually 
escaped  f^rom  tlie  superadiied  nipples,  but  their  flatm-ss  prevented  the  mother  suckling 
her  children  by  them. 

* Ui'NTKB.  who  sometimes  clothed  his  far-reaching  thoughts  in  parmloxical  language, 
writes: — * Fat  is  no  part  of  an  animal : for  first,  it  is  not  animal  substance ; s^-eondly, 
an  animal  is  the  same  without  it  as  with  it, — it  is  to  be  considered  aa  an  athvntitious 
matter;  and  thirdly,  it  is  found  both  in  vegetables  and  mineralB,  and,  therefore,  is  a 


C13 


arrrmlnv  foliirle*  and  darta  of  the  mate  mammarr 
ftaud,  luje^tcd  with  ^ulchailvcr;  nat.  »tae.  ccLXXXiv'*. 
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under  conditions  which  vary  in  the  degree  of  temperature  re- 
quired for  congelation,  as  ‘ oil,’  ‘ marrow,’  ‘ lard,’  ‘ s{>emiaceli,’ 
‘ suet.’  The  most  solid  fats  when  subject  to  pressure  aftbrd 
some  fluid  oil,  termed  ‘ elaine,’  and  when  the  fluid  fats  are  cooled 
to  about  32°  they  deposit  a concrete  element  called  ‘ stearine  : ’ 
the  temperatures  of  congelation  indicate  the  varying  proportions 
of  elaine  and  stearine.  Whether  or  not  it  be  in  relation  to  the 
degree  of  cold  to  which  the  hoofs  of  some  ruminants  are  subject, 
in  traversing  the  snows  of  arctic  climes,  the  oil  called  ‘ neat’s 
foot  ’ owes  its  use  in  the  arts  to  its  maintaining  its  fluidity  below 
the  freezing  point.  Blubber-oil,  which  becomes  lardy  at  45°  or 
50°  Fahr.,  and  is  fluid  above  55°,  most  abounds  in  tbe  thick 
subcutaneous  tissue  of  the  Cetacea.  The  fat  of  the  hog-tribe, 
horse-tribe,  most  LissencepUnlu,  Carnivora,  Qnadrumana,  and 
Bimana,  is  in  the  state  of  ‘ lard.’  It  exists  as  suet  and  tallow  in 
liuminants.  Sj)crmaceti  is  peculiar  to  the  Cachalot  whales 
(^Physeter,  Euphysetes). 

Some  Rodents,  tbe  Hare,  e.g.,  show  little  or  no  fat ; but  it 
occasionally  accumulates  in  the  tame  Rabbit.  In  many  Rodents 
it  is  limited  to  the  abdominal  cavity  and  its  special  peritoneal 
jirocesses.  In  the  Seal-tribe  and  Whale-tribe,  on  the  contrary, 
there  is  no  fat  in  the  abdomen,  or  in  the  mesenteric  or  omental 
duplicatures  of  the  lining  membrane.  The  subcutaneous  areolar 
tissue  to  which  it  is  limited  in  these  aquatic  mammals  has  a 
coarser  reticulate  structure  in  the  Seals,  the  Grampus,  and  Bala- 
neptera,  than  in  the  Porpoise,  Spenn-whale,  and  Baleena.  In  all 
Cetacea  the  containing  tissue  is  finer  upon  the  trunk,  and  coarser 
toward  the  tail.  Fat  is  subcutaneous  in  the  Hog  and  human  sub- 
ject, but  is  also  present  in  the  great  serous  cavities,  interinus<-ular 
spaces  and  joints,  in  variable  degrees. 

Fat  is  to  the  adult  what  milk  is  to  the  j’oung— a source  of 
nourishment  when  no  other  is  av.ailable.  Certain  Bovines  of  the 
tro])ics,  where  during  the  rainy  season  luxuriant  grasses  almund 
on  plains  parched  up  in  the  dry  season,  accumulate  fat  and  other 
assimilable  substances  in  a dorsal  hump  at  the  period  of  plentv, 
and  absorb  its  contents  during  that  of  drought.  The  Camels, 
when  their  food  abounds,  store  up  similar  superabundant  nutritious 
matters  in  one  ( C.  dromedarius)  or  two  ((’.  hactrianux)  larger 
humps:  whereby  they  arc  able  to  endure  unusual  fasts  by  re- 

Bubutance  common  to  overy  class  of  matter.*  x\.  vol.  iii.  p.  209.  The  teman-  cooi* 
pounda  of  carbon,  hydrogen,  and  oxygen,  discovered  in  the  condition  of  pelndrum  and 
its  allies,  in  mineral  strata,  aro  suspecte<l,  with  good  reason,  to  hare  originatcnl  in 
oi^anic  bodies. 
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absorbing  those  accumulations  ; concluding  their  journeys  across 
the  desert  with  the  special  stores  of  fat  much  reduced.  Simi- 
larly, in  other  Mammals,  when  the  digestive  function  and  aj>- 
petite  are  in  abeyance,  as  in  disease,  or  when  food  is  withheld 
or  scarce,  the  general  fat  is  absorbed  ‘ to  support  the  actions  of 
the  machine.’’  Hence  the  need  of  accumulations  of  this  nutritive 
material  in  torpid  mammals  prior  to  their  failing  into  that  state, 
as  in  Marmots,  Hedgehogs,  &c.  The  subcutaneous  fat,  which 
forms  a thick  layer  in  October,  becomes  thin  in  March,  yet 
remains  after  the  fat  of  the  abdomen,  mesentery,  and  about  the 
kidneys  has  quite  disappeared ; suggesting,  as  J enner  remarks, 
that  the  external  fat  also  serves  as  a defence  against -cold.’  The 
subcutaneous  wrap  of  blubber  in  the  naked  Cetacea,  serves  as  the 
non-conductor  of  heat,  in  place  of  hair. 

In  Physeter  portions  of  spermaceti  occur  in  the  general  subcu- 
taneous blubber,  but  the  main  bulk  is  stored  in  the  vast  supra- 
cranial  basin,  in  cells  of  areolar  tissue,  strengthened  by  aponeu- 
rotic partitions.  The  purest  spermaceti  lies  in  the  smallest  and 
most  delicate  cells ; it  is  the  stearic  constituent  in  excess  which 
crystallises  on  cooling.  For  economic  purposes  these  masses  are 
separated  by  pressure  in  woollen  bags  from  the  elaine,  then 
washed  with  a weak  solution  of  caustic  potash,  melted  in  boiling 
water,  and  strained.  Thus  prepared  for  commerce  spermaceti 
appears  as  semi-transparent  brittle  masses  of  a foliate  fracture, 
soapy  to  the  touch,  with  a slight  odour  and  greasy  taste:  its 
specific  gravity  is  '943  ; it  fuses  at  about  1 14°  ; thep  urified  cry- 
stalline scales  deposited  from  a solution  in  boiling  alcohol,  form 
‘ cetine.’  From  the  blubber  of  species  of  Delphinus  a peculiar 
fatty  principle  called  ‘ phocenine  ’ is  obtained.  The  characteristic 
colour  of  goats’  fat  is  associated  with  a principle  called  ‘ hircin.’ 

With  ordinary  stcarine  a variable  proportion  of  ‘ margarine  ’ 
is  always  combined,  and  both  these  and  ‘ elaine  ’ are  com|>ounda 
of  a distinct  fatty  acid  with  the  sweet  principle  called  ‘ glycerine.’ 

' XX.  Tol.  iii.  p.  213.  * Ib.  p.  216. 
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CHAPTER  XL. 

GENERAL  CONCLUSIONS. 

§ 422.  Biological  Questions  ^1830. — At  the  close  of  my  studies 
at  the  Jardin  d&s  Plantes,  Paris,  in  1831,  I returned  strongly 
moved  to  lines  of  research  bearing  upon  the  then  prevailing 
phases  of  thought  on  some  general  biological  questions. 

The  great  Master  in  whose  dissecting-rooms,  as  well  as  in  the 
public  galleries  of  Comparative  Anatomy,  I was  privileged  to 
work,  held  that  ‘ species  were  not  permanent : ’ and  taught  this 
great  and  fruitful  truth,  not  doubtfully  or  hypothetically',  but  as 
a fact  established  inductively  on  a wide  and  well-laid  basis  of 
observation,  by'  which,  indeed,  among  other  acquisitions  to  science. 
Comparative  Osteology  had  been  created.  Camper  ' and  Hunter  * 
suspected  that  species  might  be  transitory ; but  Cuvier,  in  de- 
fining the  characters  of  his  Aiinplotherium  and  Palaotherium, 
&c.,  proved  the  fact. 

In  this  truly  scientific  labour  the  law  of  the  subordination  of 
the  different  organic  characters  to  the  condition  of  the  whole 
animal  was  first  appreciated,  clearly  enunciated,  and  its  applica- 
tion shown  to  the  reconstruction  of  lost  species  from  fragmentary- 
remains.  The  imjwrtance  of  this  generalisation  may  be  paralleled 
with  that  of  the  principle  of  equivalents  in  chemical  science. 

Of  the  relations  of  past  to  present  species,  and  the  conditions 
of  their  succession,  Cuvier  had  not  an  adequate  basis  for  a de- 
cided opinion.  Observation  of  changes  in  the  relative  |H»sition  of 
land  and  sea  suggested  to  him  one  condition  of  the  advent  of 
new  species  on  an  island  or  continent  where  old  species  had  die«l 
out.  This  view  he  illustrates  by  a hypothetical  case  of  such 
succession,’  but  expressly  states: — ‘ Je  ne  pretends  pas  qii’il  ail 
fallu  unc  creation  nouvelle  pour  produire  les  espeees  aiijourd'hui 
existantes,  je  dis  seulement  qu’elles  n’existoient  pas  dans  les 
memos  lieux,  et  qu’elles  out  dft  y venir  d’ailleurs.’* 

Geofiroy  Saint-Hilaire,  whose  discussions  with  his  colleague  in 
the  ‘ Academic  des  Sciences’  made  its  annals  of  1830  memorable, 

‘ ccxcii".  ’ eexau".  and  other  authors  cited  in  cxxiix.  p.  xIt. 

• cxxxix.  tom.  i.  p.  Ixiii.  * lb. 
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equally  rejecting  the  idea  of  new  creations,'  opposed  to  Cuvier’s 
inductive  treatment  of  the  question  the  following  expression  of 
belief: — ‘Je  ne  doute  pas  que  Ics  animaux  vivants  aujourd'luii 
ne  proviennent,  par  une  suite  de  generations,  ct  sans  interruj)tion, 
des  animaux  pcrdus  du  monde  anttidiluvien.’*  But  with  regard 
to  the  demonstration  of  the  proposition,  of  the  truth  of  which  he 
could  not  entertain  a doubt,  Geoffrey  Saint-IIilaire  expressly 
states: — ‘ Je  crois  que  les  temps  d’un  savoir  veritablemout  satis- 
faisant  en  gdologie  ne  sont  pas  encore  venus.’ 

The  main  collateral  questions  argued  in  these  deb.atcs,  to  some 
of  which  I listened,  and  to  all  the  reports  and  consequent  pami)'ii- 
lets  relating  thereto  devoted  intense  attention,  appeared  to  me  to 
be  the  following : — 

Unity  of  Plan  or  Final  purpose,  as  a governing  condition  of 
organic  development? 

Series  of  species,  uninterrupted  or  broken  by  intervals? 

Extinction,  cataclysmal  or  regulated  ? 

Development,  by  epigenesis  or  evolution  ? 

Primary  life,  by  miracle  or  secondary  law  ? 

On  returning  home  and  resuming  office  with  additional  duties 
at  the  Royal  College  of  Surgeons,  I was  guided  in  all  my  work 
with  the  hope  or  endeavour  to  gain  inductive  ground  for  conclu- 
sions on  these  great  questions. 

§ 423.  Homology  or  Teleology  ? — Cuvier  held  the  W'ork  of 
organisation  to  be  guided  and  governed  by  final  purpose,  or  adap- 
tation, exiK)unding  this  principle  under  the  terms  ‘ conditions  of 
existence  ’ and  ‘ correlations  of  structure.’  Geoffroy  denied  the 
evidence  of  design,  and  protested  against  the  deduction  of  a 
purjwse  a.s,  e.  g.,  from  the  coexistence  of  a valve  with  a definite 
course  of  fluid : he  contended  for  the  principle  which  he  called 
‘ unite  do  composition,’  as  the  law  of  organisation.  Most  of  his 
illustrations  were  open  to  the  demonstration  of  in.accuracy,  and 
his  arguments  to  the  refutation  which  they  received  from  Cuvier 
in  the  debates  in  question : the  logic,  and,  as  it  seemed,  the 
facts,  were  on  the  side  of  teleology.  The  figurative  language, 
moreover,  in  which  contempnirary  anatomists  had  expressed  their 
views  of  a principle  akin  to  Gcoffroy’s  was  ill-<’alculated  to  enlist 
supporters.  The  expressions  by  which  disciples  of  the  school 

* ‘Or,  cett©  proposition,  dejn  contrairo  aux  plus  nnciennps  donn^ea  hiatoriquos, 
reptyme  tout  anUnt  anx  lumi^rfs  de  la  raison  naturelle  qn'aux  speculations  plus 
i^fl^chiea  dea  sciences  physiques.’ — cclxxxtii".  p.  210. 

• Also,  more  decisively : — * Les  animaux  perdus  sont,  par  voie  non  interrompu©  do 
generations  et  de  modifications  successtves,  les  ancetros  des  animaux  du  monde  actuel.' 
— ccLXXxvii".  p.  208. 

3 F.  2 
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of  Schelling  illustrated,  in  the  animal  structures,  the  trans- 
cendental idea  of  ‘ the  repetition  of  the  whole  in  every  part,’ 
operated  disadvantageously  to  the  calm  enquiry  into  the  prime 
question  at  issue.  To  Cuvier  thi§  language  seemed  little  better 
than  mystical  jargon,  and  he  alluded  to  it  with  transparent  con- 
tempt.* When  he  did  extend  inferences  from  comparative  ana- 
tomy beyond  the  adaptation  of  structure  to  function,  Cuvier 
went  not  beyond  a recognition  of  what  I have  since  termed 
‘ special  homologies  ’ : ^ and  this  lowest  degree  of  correspondence 
he  explained  on  the  ground  of  the  subserviency  of  such  homolo- 
gous parts  to  similar  ends  in  different  animals;**  viewing  them,  in 
fact,  in  that  relation  which  I express  and  contrast  by  the  term 
‘ analogies.’'*  With  Cuvier  answerable  j)arts  occurred  in  the  zoo- 
logical scale  because  they  had  to  perform  similar  functions. 

Most  of  my  fellow-students  at  the  Garden  of  Plants,  in  1830, 
and  some  subsequent  fellow-labourers,  Johannes  Muller,  Rud. 
Wagner,  Milne-Edwards,  Agassiz,  implicitly  accepted  this  ex- 
planation of  the  fact  of  answerable  bones  and  other  parts  oc- 
curring in  different  species. 

After  the  publication  of  the  ‘ Memoir  on  the  Pearly  Nautilus,' 
and  of  those  on  Monotrematous  and  Marsupial  generation,  which 
subjects  Cuvier  had  strongly  recommended  to  my  attention,  the 
question  of  the  condition  or  law  of  special  homologies  pressetl  itself 
upon  me,  more  especially  in  connection  with  the  task  of  arranging 
and  cataloguing  the  osteological  part  of  the  Hunterian  Museum.' 
As  my  observations  and  comparisons  accumulated,  with  pari 
passu  tests  of  observed  phenomena  of  osteogeny,  they  enforced  a 
reconsideration  of  Cuvier’s  conclusions  to  which  I had  previously 
yielded  assent.  To  demonstrate  the  evidence  of  the  community 
of  organisation,  1 found  that  the  artifice  of  an  archety|)e  verte- 
brate animal  was  as  essential  as  that  of  the  archetype  plant  had 
been  to  Goethe  in  expressing  analogous  ideas ; and  as  the  like 
reference  to  an  ‘ideal  type’  must  be  to  all  who  undertake  to 
make  intelligible  the  ‘ unity  in  variety  ’ pervading  any  group  of 

' ‘Qurtnt  4 M.  Okon,  il  declare  les  pi^'os  on  question  lea  parties  ^caillettse*  de« 
temporaux,  od,  pcIod  son  langacje  mystiqua,  “la  fourchette  du  mrmbro  suj'^rieurds 
la  tt'te.” — Cet  humerus  de  la  de  M.  Oken  dovienl  pour  M.  8pix  le  pubis  de  cetle 
meme  t^te ; ou,  pour  parler  un  langage  intelligible,  un  des  osseleij*  de  rottie,  surotr  U 
marteau.’ — cxxxix.  tom.  v.  2*  partie,  p.  85. 

* CXL.  p.  7. 

* ‘ Ce  nVst  qu’un  principe  aubordonn^'  ^ un  autre  bien  plus  ^leve  et  bien  plus  f^*cuD»l. 

A celui  dcs  conditions  d'exiHtence,  de  la  cooTfnance  des  {inrtios,  de  leur  cour*ii}oatH>n 
pour  te  role  qua  I'animal  doit  jouer  dans  la  nature.  Voila  lo  rrai  principe  philoeo> 
pbique  d’oii  decouWnt  la  possibililA  de  certuiues  ressemblancos.* — ccxtir".  p. 

* CXL.  p.  7.  * XUT. 
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organisms.'  From  the  demonstration  of  this  principle,  which  I 
then  satisfied  myself  was  associated  with  and  dominated  by  that 
of  ‘ adaptation  to  purpose,’  the  step  was  plain — to  me  inevitable — 
to  the  conception  of  the  operation  of  a secondary  cause  of  the 
entire  series  of  species,  whether  of  plants,  or  vertebrates,  or  other 
groups  of  organisms,  such  cause  being  the  servant  of  predeter- 
mining intelligent  Will.’ 

But,  besides  ‘derivation’  or  ‘filiation,’  another  principle  in- 
fluencing organisation  became  recognisable  in  the  course  of  studies 
and  researches  on  Invertebrate  animals.  To  this  piinciple,  as 
more  especially  antagonistic  to  the  theological  idea,  I gave  the 
name  of  ‘ irrelative  repetition ; ’ sometimes  also,  as  it  prevailed 
most  in  plants  and  zoophytes,  of  ‘ vegetative  re[)ctition.’ * The 
demonstrated  constitution  of  the  vertebrate  endoskeleton,  as  a 
series  of  essentially  similar  segments,  out  of  which,  as  corollary, 
came  the  power  of  enunciating  not  only  ‘ special  ’ but  ‘ general  ’ 
and  ‘ serial  ’ homologies,  appeared  to  me  to  illustrate  also  the  law 
of  irrelative  repetition.  The  recurrence  of  similar  segments  in 
the  spinal  column  and  of  similar  elements  in  a vertebral  segment, 
struck  me  a.s  analogous  to  the  repetition  of  similar  crystals  as  the 
result  of  polarizing  force  in  the  growth  of  an  inorganic  body.‘ 

Accordingly,  these  results  of  extensive,  patient,  and  unbiassed 
inductive  research — or,  if  there  were  a bias,  it  was  toward 
Cuvier— swayed  with  me  in  rejecting  the  principle  of  direct  or 
miraculous  creation,  and  in  recognising  a ‘ natural  law  or  secon- 
dary cause  ’ as  operative  in  the  production  of  species  ‘ in  orderly 
succession  and  progression.’  ’ 

§ 424.  SucceuxlijH  of  Species,  broken  or  linked? — To  the  hypo- 
thesis that  existing  are  modifications  of  extinct  species  Cuvier  re- 
jilied,  that,  in  every  mooted  form  of  transmutation,  the  species 
were  made  to  alter  by  small  degrees,  and  that,  therefore,  traces  of 
such  gradual  modifications  were  due  from  the  fossil  world : — ‘ You 
ought,’  he  said,  ‘ to  be  able  to  show,  e.  g.,  the  intermediate  forms 
between  the  Palaeotherium  and  existing  hoofed  quadrupeds.’  ® 

' Such  ■ ideal  typ«’  munt  not  be  confounded  with  the  so-called  ‘t3-pes’  supposed 
to  be  exemplified  by  certain  living  species.  Arguments  against  the  latter  vague  and 
ill-defined  ideas  are  of  no  weight  against  the  former,  and  indicate  a certain  obtuse- 
ness  of  apprehension  in  the  objector.  See  cccxxvi".  p.  31. 

* cxLi.  (1849)  p.  86. 

• ccxtix.  p.  641  (1843):  sad  vol.  i.  Preface,  p.  ix. 

* ext.  p.  171.  * cxu.  loc.  cit. 

• ‘ Cependant  on  pent  leur  i4pondre,  dans  leur  propre  systime,  que  si  les  espices  ont 
ehangi  par  degr^s,  on  devroil  trouver  des  traces  do  ces  modifications  graduelles; 
qu'entre  lo  palseotherium  et  les  esiiices  d'aujourd'hui  Ton  devroit  dicourrir  quelques 
formes  interm Wiaires,  ot  que  jusqu'a  present  cela  n'est  point  arrive.’— cxxxix. 
tom.  i.  p.  Ivii. 
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The  progress  of  Palseontology  since  18.30  has  brought  to  light 
many  missing  links  unknown  to  the  founder  of  the  science.  My 
own  share  in  the  labour  led  me,  after  a few  years’  research,  to 
discern  what  I believed,  and  still  hold,  to  be  a tendency  to  a more 
generalised,  or  less  specialised,  organisation  as  species  recede  in 
date  of  existence  from  the  present  time.'  Even  instances  which 
to  some  have  appeared  to  oppose  the  rule,  really  exemplify  it. 
The  little  marsupial  carnivore,  e.  g.,  of  the  Purbeck  beds,  Pla- 
giaulax  (p.  294,  fig.  234),  retained  the  typical  numbers  of  premo- 
lars {p.  1-4),  all  of  them  being  carna-ssials : the  more  modified 
])liocene  Thylacoleo  had  them  reduced  to  the  last  (j>.  4,  fig.  233). 
So  likewise  in  the  later  placental  Carnivora,  the  eocene  form 
llyanodon,  fig.  266,  had  the  typical  number  of  teeth,  the  three 
true  molars  here  showing  the  carnassial  form:  in  the  existing 
IIya;na  and  Felines  the  carnassials  are  retluced  to,  or  concentrated 
in,  a single  molar.  The  oolitic  Phascolotherium,  with  the  typical 
marsupial  number  of  teeth,  shows  less  differentiation  in  their  form 
than  in  motlcm  Opossums  and  Dasyurcs : the  oolitic  Amphitheria 
and  Pala-otheria  manifest  an  earlier  and  more  generalised  type 
of  dentition  in  the  great  number  and  similarity  of  character  of 
their  small  molars.  Iloth  Anoplnthcrium  and  Palaothtrxum , with 
the  majority  of  eocene  placental  Mammals,  had  the  type-dentition 
of  diphyodonts.'* 

The  two  notable  examples  of  Cuvier’s  powers  of  restoration, 
viewed  ns  Pachyderms,  must  have  seemed  widely  different  from 
any  of  the  existing  species  of  the  order,  and  were  so  deemed. 
The  Anoplothcrium  more  especially,  among  its  singular  peculiari- 
ties, unexpectedly  exemplified  one  dental  character,  previously 
known  only  in  the  human  subject.  These  seeming  anom.alies, 
however,  lost  much  of  their  import  as  evidence  of  insulated  form, 
or  special  creation,  when  they  came  to  be  viewed  by  the  light  of 
the  law  of  the  ‘more  generalised  character  of  extinct  species.’ 
Such  law  in  its  aj)j>lication  to  Anoplothcrium  also  excmjdifies  the 
analogy  between  the  earlier  s])ecies  of  a class  and  the  earlier 
stages  of  a fmtus.  When,  for  example,  the  divided  metapodials, 
the  persistent  upper  incisors,  and  the  hornless  cranium  of  the 
Anoplothcrc  were  recognised  ns  retentions  of ‘foetal  peculiarities’ 

* CCXLTX.  PaI.  1843,  pp.  129,  165;  1^.  185o.  pp.  223,  332,  342.  clxxx.  and  xm'. 
pp.  1,  361,  paMim.  AsawMZ  hiwl  been  struck  by  indit'aliona  of  the  mid#'  Uw  in  fo«til 
Ji.*.heB,  and  <*xpr<’.‘»8f’d  it  by  the  analogy  of  fcctal  and  mature  fitmctupef‘(cccxxix",  (1814) 
p.  xxvi.),  and  this,  in  some  degree,  is  true.  The  earlier  forma  of  Mammalia,  however, 
nro  not  toothless,  have  rather  an  oxoesB  of  teeth  &a  compared  with  later  and  modem 
forms;  but  they  exemplify,  in  the  main,  a more  'generalised’  type. 

* V.  p.  621.  CLXXX.  p.  361. 
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of  existing  ruminants,'  that  extinct  species  was  seen  to  favour 
rather  than  oppose  the  idea  of  organisation  by  secondary  law. 

The  discovery  of  the  remains  of  the  Hipparion  * supplied  one 
of  the  links,  required  by  Cuvier,  between  the  Palaotherium  and 
the  Horse  of  the  present  day,  and  it  is  still  more  significant  of 
the  fact  of  filiation  of  species  that  the  remains  of  such  three-toed 
Horses  are  found  only  in  deposits  of  that  tertiary  period  which 
intervene  between  the  older  palasotherian  one  and  the  newer 
strata  in  which  the  modern  Horse  first  appears  to  have  lost  its 
lateral  hooflets.  These  relations  I illustrated  in  my  Lectures  on 
Fossil  Mammalia  at  the  School  of  Mines  (1857)  by  the  diagram, 
fig.  614. 

Other  evidences  of  gradation,  in  the  case  in  question,  have 
been  brought  to  light.  The  molar  series  of  the  Horse  includes 
six  large  complex  grinders,  individually  recognisable  by  develop- 
mental characters  as  they  are  symbolised  in  fig.  280,  p.  352.  The 
representative  of  the  first  premolar  is  minute  and  soon  shed.  Its 
hoinologue  in  Palaotherium  is  functionally  developed  and  re- 
tained, the  type-dentition  being  adliered  to.’  In  Hipparion,  d i 
is  succeeded  by  a i ^ smaller  than  in  Palceotherium,  but  func- 
tional, with  inflected  folds  of  enamel  on  the  grinding  surface,  and 
permanent.  It  exemplifies  a condition  intermediate  to  that  in 
Palceotherium  and  Eqnus.  It  is  not  that  the  jaws  of  the  Horse 
are  too  short  to  hold  the  full  complement  of  grinders  : on  the 
contrary  they  are  relatively  longer  than  in  the  Palaeothere,  being 
specially  produced  between  the  grinders  and  cutters : the  first 
grinder  might  seem,  indeed,  to  have  been  taken  away  in  order  to 
add  to  the  space  for  the  application  of  the  ‘ bit.’  The  transitory 
and  singularly  small  and  simple  denticle,  fig.  614, i,  compared 
with  the  large  contiguous  massive  molar,  m i,  in  the  Horse,  ex- 
emplifies the  rudiment  of  an  ancestral  structure,  in  the  same 
degree  as  does  the  hoofless  ‘ splint-bones,’  ib.  Equus,  ii.  iv. ; just 
as  the  spurious  hoofs  dangling  therefrom  in  Hipparion,  ib.  ii.  iv., 
are  retained  rudiments  of  the  functionally  developed  lateral  hoofs 
in  the  broader  foot  of  Palceotherium,  ib.  il.  IV. 

Other  missing  links  of  this  series  of  species  have  been  supplied ; 
as,  e.  g.,  by  the  Paloplolherium of  the  newer  eocene  of  Hordwell, 

' CLXXX.  p.  367. 

* cccni''.  tom.  ii.  p.  25  (1832).  Another  Ppociee  wus  discovered  in  the  Miocene  at 
Eppelsheim — the  ' Hipfio/herium*  of  Kaup  ; a third  in  deposits  of  similar  age  on  the 
Sewulik  IlilU  ; a fourth,  Hipparion  prostylum,  Gr.,  at  Vaucluse,  in  the  south-east  of 
France,  in  deposits  ‘ peut-^tre  plus  rccents  quo  la  inollasse  dans  ces  locality's.*— 
CCCX3CX".  p.  432. 

* T.  PI.  35,  figs.  4,  6,  6.  * cccn".  PI.  19,  figs.  1,  1 a. 

* This  modification,  as  the  Palaoiherium  ovinum,  Ajmard,  Itegan  to  be  shown,  at 
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Hants.,  by  the  Palaotherium  atirelianense  from  the  ‘ raolasse 
marine  ’ of  Orleans,'  and  by  the  Palaeotherium  hippoides  of  the 
lacustrine  calcareous  beds  of  Sansan,  all  which  deposits  are  mi- 
oeene,  or  are  transitional  between  eocene  and  miocene.  In  the 
first-cited  example,  the  swollen  termination  of  the  lobe  of  the 
molar,  answering  to  c,  m,  fig.  268,  remains  longer  as  a detached 
column,  m,  fig.  269.  In  the  two  other  Palicotherioids,  the  whole 
foot  is  longer  and  more  slender,  with  a longer  and  thicker  middle 
toe,  than  in  the  older  eocene  type-genus,  whence  the  generic 
name  Anchitherium  applied  to  them  by  von  Meyer.*  It  is  in- 
teresting, also,  to  find  that  the  transitional  character  is  further 
marked  by  the  smaller  relative  size  of  first  premolar,  whereby 
Anchitherium  intervenes,  as  in  the  modification  of  the  feet,  be- 
tween the  PalcEutherium  and  Hipparion. 

Thus  amply  and  satisfactorily  has  been  fulfilled  Cuvier's 
requisition  of  1821: — ‘ Entre  Ic  pal®othcrium  ct  les  especes 
d’aujourd'hui  Ton  devrait  decouvrir  quelques  formes  interme- 
diaircs.’  How,  then,  is  the  origin  of  these  intermediate  gradations 
to  be  interpreted  ? One  may  first  remark,  that  as  Palaothrrium, 
Paloplotherium,  Anchitherium,  Hipparion,  and  Equus,  differ  from 
each  other  in  a greater  degree  than  do  the  Horse,  Zebra,  and 
Ass,  the  difficulty  of  interbreeding  would  be  greater,  and  the 
jwobability  of  fertility  less,  supjwsing  those  extinct  genera  to 
have  co-existed.  One  cannot  doubt,  also,  that  every  well-marked 
species  of  these  genera  paired  within  itself,  and  that  they  exem- 
plified respectively  the  character  of  a ‘ group  of  individuals  de- 
scended from  common  parents,  or  from  such  as  resembled  them 
as  closely  as  they  resembled  each  other.’  They  did  not,  however, 
exist  as  species,  during  the  same  periods  of  time,  far  less  so 
‘ from  the  beginning  of  things.’  The  single-hoofed  Horse- 
family  cannot  be  traced  further  back  than  the  pliocene  tertiary 
period : the  tridactyle  equine  species  have  not  been  found  in 
strata  earlier  than  miocene,  and  disappear  in  the  upper  eocene : 
the  heavier-bodied  shortcr-lcggcd  species  with  three  functional 
hoofs  to  each  foot  belong  to  upper  and  middle  eocenes.  Further- 
more, in  the  oldest  eocene  (London  clay,  super-cretaceous  Con- 
glomerates and  Plastic  clay  at  Meudon,  Pans),  we  get  evidence 
of  Ungulates  {Piiolophus,  IJi/racotherium,  Coryphodon),  in  which 
the  perisso-  and  artio-dactyle  characters  were  less  differentiated 

the  upper  eocene  at  Velay,  c.g.,  ere  Palmikeriiim  proper  had  passed  away.  (Bulletin 
Con{^8  Scientiflque  de  France  Unu  a Puy,  1855.) 

' Also  in  Ihe  uppor  ©occne  of  the  Basin  of  the  Garonne,  with  Acerotkrrium. 

• Anchitherium  occurs,  also,  in  the  ‘ marine  molasse,*  or  lower  miocene,  of 
aiea,  Languedoc. 
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than  in  Palaotherium  and  Anoplotherium,  affording  additional 
significant  evidence  of  progressive  departure  from  generalised 
type.  Thus,  the  succession  in  time  accords  with  the  gradational 
modifications  by  which  Palceotherium  is  linked  on  to  Eqnus. 

"With  this  additional  knowledge  the  question,  ‘ whether  actual 
races  may  not  be  modifications  of  those  ancient  races  which  are 
exemplified  by  fossil  remains?’  presents  itself  under  very  different 
conditions  from  those  under  which  it  passed  before  the  minds  of 
Cuvier'  and  the  Academicians  of  1830.  If  the  alternative — 
species  by  miracle  or  by  law  ? — be  applied  to  PalaotUerium,  Pa- 
loplotherium,  Anchitherium,  Ilipparion,  Equus,  1 accept  the  latter, 
without  misgiving,  and  recognise  such  law  as  continuously  ope- 
rative throughout  tertiary  time. 

In  respect  to  its  mode  of  operation,  we  may  suppose  Lamarck 
to  say,  ‘ as  the  surface  of  the  earth  consolidated,  the  larger  and 
more  produced  mid-hoof  of  the  old  three-toed  Pachyderms  took  a 
greater  share  in  sustaining  the  animal’s  weight ; and,  more  blood 
being  required  to  meet  the  greater  demand  of  the  more  active 
middle-toe,  it  grew ; whilst  the  side-toes,  losing  their  share  of 
nourishment  and  becoming  more  and  more  withdrawn  from  use, 
shrank ; ’ and  so  on,  according  to  the  hardening  of  the  ground, 
until  only  the  hidden  rudiments  of  metapodials  remained  and  one 
hoof  became  maximised  for  all  the  work.  Mr.  Darwin,  I con- 
ceive, would  modify  this,  like  other  Lamarckian  instances,  by 
saying  that  some  individuals  of  Palceotherium  happening  to  be 
born  with  a larger  and  longer  middle-toe,  and  with  shorter  and 
smaller  side-toes,  such  variety  was  better  adapted  to  prevailing 
altered  conditions  of  the  earth’s  surface  than  the  parental  form  ; 
and  so  on,  until  finally  the  extreme  equine  modifications  of  foot 
came  to  be  ‘naturally  selected.’  But  the  hypotheses  of  appe- 
tency and  volition,  as  of  natural  selection,  are  less  applicable, 
less  intelligible,  in  connection  with  the  changes  in  the  structure 
and  proportion  of  the  molar  series  of  teeth,  which  we  have 
seen  also  to  be  gradational  from  Palceotherium  to  Equus,  fig. 
614. 

Any  modification  of  Geoffroy’s  ‘ ambient  medium,’  affecting  the 
density  of  the  soil  might  so  far  relate  to  the  changes  of  limb- 
structure,  as  that  a foot  with  a j>air  of  small  hoofs  dangling  bv 
the  sides  of  the  large  one,  like  those  behind  the  cloven  hoof  of 
the  ox,  would  cause  the  foot  of  the  Hipparion,  e.g.,  and  a fortiori 
the  broader  based  three-hoofed  foot  of  the  Palaiothere,  to  sink 
less  deeply  into  swampy  soil,  and  be  more  easily  withdrawn,  than 

' ‘Poorquoi  Ics  races  actuellcs,  me  dirait-on,  ns  s«rftient.elles  pas  des  modifirations 
de  ees  races  aDcicaaes  que  Ton  trooTS  parmi  les  fossiles?’ — cxxxiz.  i.  p.  Irii. 
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■the  more  concentratively  Bimplified  and  specialised  foot  of  the 
Horse.' 

Rhinoceroses  and  Zebras,  however,  tread  together  the  arid 
plains  of  Africa  in  the  present  day  : and  the  Horse  has  multiplied 
in  that  half  of  America  ■where  two  or  more  kinds  of  Tapir  still 
exist.  That  the  continents  of  the  eocene  or  iniocene  period  were 
less  diversified  in  respect  of  swamp  and  sward,  pampas  or  desert, 
than  those  of  the  pliocene  period,  has  no  support  from  observa- 
tion or  analogy. 

Assuming,  then,  that  Palaotherium  did  ultimately  become 
Equus,  I gain  no  conception  of  the  operation  of  the  effective 
force  by  personifying  as  ‘ Nature  ’ the  aggregate  of  beings  which 
compose  the  universe,  or  the  laws  which  govern  these  beings,  by 
giving  to  my  personification  an  attribute  which  can  properly  be 
predicated  only  of  intelligence,  and  by  saying,  ‘ Nature  has  se- 
lected the  mid-hoof  and  rejected  the  others.’ 

As  some  paragraj)hs  in  my  ‘ Preface  ’ have  been  misconceived,* 
I must  further  observe,  to  put  my  meaning  beyond  doubt,  that, 
to  say  that  Pahtotherium  has  graduated  into  Equus  by  ‘ Natural 
Selection  ’ is  an  explanation  of  the  process  of  the  same  kind  and 
value  as  that  which  has  been  proffered  of  the  mystery  of  ‘ secre- 
tion.’ For  ex.anij)le,  a particular  mass  of  matter  in  a living 
animal  takes  certain  elements  out  of  the  blood  and  rejects  them 
as  ‘ bile.’  Attributes  were  given  to  the  liver  which  can  only  be 
predicated  of  the  whole  animal : the  ‘ appetency  ’ of  the  liver,  it 
was  said,  w.as  for  the  elements  of  bile,  and  ‘ biliosity  ’ or  the 
‘ hepatic  sensation  ’ guided  the  gland  to  their  selection.* 

Such  figurative  language,  I need  not  say,  explains  absolutely 
nothing  of  the  nature  of  bilification.  One’s  surprise  is  that 
‘ tropes’  and  ‘ personified  acts’  should  not  have  died  out,  as  ex- 
planatory devices,  with  the  ‘ archeus  faber,’  the  ‘nisus  format! vus,’ 
and  other  self-deceiving,  world-beguiling  simulacra  of  science, 
with  the  last  century ; and  that  a resuscitation  should  have  had 
any  success  in  the  present.  It  is  of  interest  as  illustrating  the 
‘ alternation  of  generations.’ 

What,  then,  are  the  facts  on  which  any  reasonable  or  intelli- 
gible conception  may  be  formed  of  the  mode  of  operation  of  the 

' xvii'.  p.  397. 

• R.'frrrin*;  to  my  ' Anntomy  of  Vfrtpbrates,’  in  the  fourth  pdition  of  the  • Origin  of 
•Sprcifii  by  Nalunil  Sflection,'  &c.,  thr  nuihor  asserts  that  ‘he’  (Professor  Owrn)  ‘at 
tho  same  lime  mlmils  tliat  Natural  Sole,  tiun  may  have  done  something  towards  this 
end.'  Mr.  Darwin  does  not  quota  the  passage  or  refer  to  the  page  on  which  he 
founds  his  assertion. — cciiii"  (1866),  Histor.  Pref,  p.  xviii. 

• occxxviii”.  Tol.  i.  p.  268,  and  pauitn. 
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derivative  law  exemplified  in  the  series  linking  on  Palaotherium 
to  Equus'i  A very  significant  one  is  the  following  : — A modem 
horse  occasionally  comes  into  the  world  with  the  supplementary 
ancestral  hoofs.  From  Valerius  Maximus,'  who  attributes  the 
variety  to  Bucephalus,  downwards,  such  ‘ polydactyle  ’ horses 
have  been  noted  as  monsters  and  marvels.  In  one  of  the  latest 
examples,’  the  inner  splint-bone,  answering  to  the  second  me- 
tacarpal of  the  pcntadactyle  foot,  supported  phalanges  and  a 
terminal  hoof,  in  position  and  proportion  to  the  middle  hoof,  re- 
sembling the  corresponding  one  in  Hipparion,  fig.  614,  ii. 

In  relation  to  actual  horses  such  specimens  figure  as  ‘ monstra 
per  excessum;’*  but,  in  relation  to  miocene  horses,  they  would  be 
normal,  and  those  of  the  present  day  would  exemplify  ‘ monstra  per 
defectum.’  The  mother  of  a ‘monstrous’  tridactyle  colt  might  repeat 
the  anomaly  and  bring  forth  a tridactyle  ‘ filly  ’;  just  as,  at  San 
Salvador,  the  parents  of  a family  of  six  had  two  of  the  series  bora 
with  defective  brain  and  of  dwarf  size : they  were  ‘ male  ’ and 
‘ female ;’  and  these  strange  little  idiots  are  exhibited  as  ‘ Aztecs.’ 
The  pairing  of  the  horses  with  the  metapodials  bearing,  accord- 
ing to  type,  phalanges  and  hoofs,  might  restore  the  race  of 
hipparions. 

Jsow,  the  fact  suggesting  such  possibility  teaches  that  the 
change  would  be  sudden  and  considerable:  it  opposes  the  idea 
that  species  are  transmuted  by  minute  and  slow  degrees.  It  also 
shows  that  a species  might  originate  independently  of  the  opera- 
tion of  any  external  influence;  that  change  of  structure  would 
precede  that  of  use  and  habit ; that  appetency,  impulse,  ambient 
medium,  fortuitous  fitness  of  surrounding  circumstances,  or  a 
personified  ‘ selecting  Nature,’  would  have  had  no  share  in  the 
transmutative  act. 

There  is,  however,  one  relation  which  I cannot  shut  out, 
for  I hold  it  as  strongly  as  when  I explained  it,  and  endeavoured 
to  impress  it  upon  the  audience  at  my  lectures  of  1857  : it  is  the 
fitness  of  the  organisation  of  the  Horse  and  Ass  for  the  needs  of 

' ‘ Exemplorum  mpmorabilium  Libri  novem,  &c.  (De  rebiu  mirifids.)* 

• conv".  p.  65,  PI.  1. 

• Two  such  cxamplea  are  dcscril>ed  in  ui.  vol.  ii.,  and  one  in  ccev".  p.  224,  in  which 
the  left  fore-foot  had  three  su^»equal  hoofs,  and  the  right  fore-foot  two  hoofs.  But  the 
application  of  an  instnictive  and  rightly  discerned  relation  may  be  trarestied  and  exag- 
gerated : the  two-tailed  lizard  and  the  double-headed  snake  do  not  reproduce  to  view 
normal  ancestral  forms.  The  essentially  single  mid-to«  (fig.  193,  iii)  of  the  hon»e,  oc- 
casionally bifid  and  terminated  by  a pair  of  ill-sbapen  hoofs,  lends  no  support  to  the 
idea  of  the  digit  (iii)  being  homologous  with  the  so-called  cloren  hoof  (really  the  digits 
iii  and  it,  ib.)  of  Ruminants.  It  is  a malformation  akin  to  that  of  the  partially 
double  digit  of  the  Dorking  fowl. 
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mankind,  and  the  coincidence  of  the  origin  of  Ungulates  having 
equine  modifications  of  the  perissodactyle  structure  with  the 
period  immediately  preceding,  or  coincident  with,  the  earliest 
evidence  of  the  Human  Race. 

Of  all  the  quadrujiedal  servants  of  Man  none  have  proved  of 
more  value  to  him,  in  peace  or  war,  than  the  horse:  none  have 
cooperated  with  the  advanced  races  more  influentially  in  Man's 
destined  mastery  over  the  earth  and  its  lower  denizens.  In  all 
the  modifications  of  the  old  palajotherian  type  to  this  end,  the 
horse  has  ac(iuired  nobler  proportions  and  higher  faculties,  more 
strength,  more  speed,  with  amenability  to  bit.  No  one  can  enter 
the  ‘ saddling  ground  ’ at  Ejjsom,  before  the  start  for  the  ‘ Derby,’ 
without  feeling  that  the  glossy-coated,  proudly-stepping  creatures 
led  out  before  him  arc  the  most  perfect  and  beautiful  of  qua- 
drupeds. As  such,  I believe  the  Horse  to  have  been  predestined 
and  prepared  for  Man.  It  may  be  weakness  ; but,  if  so,  it  is  a 
glorious  one,  to  discern,  however  dimly,  across  our  finite  pris<>n- 
wall,  evidence  of  the  ‘ Divinity  that  shapes  our  ends,’  abuse  the 
means  as  we  may. 

Thus,  at  the  acquisition  of  facts  adequate  to  test  the  moot 
question  of  links  between  past  and  present  species,  as  at  the  close 
of  tliat  other  series  of  researches  proving  the  ‘ skeleton  of  all 
Vertebrates,  and  even  of  Man,  to  be  the  hannonise<l  sum  of  a 
series  of  essentially  similar  segments,’*  I have  been  led  to  recog- 
nise species  as  exemplifying  the  continuous  operation  of  natural 
law,  or  secondary  cause;  and  that,  not  only  successively  but 
progressively  ; ‘ from  the  first  embodiment  of  the  Vertebrate  idea 
under  its  old  Ichthyic  vestment  until  it  became  arrayed  in  the 
glorious  garb  of  the  Human  form.’’ 

The  scries  of  observations  on  the  Ungulate  group  of  Mammals 
yields  insight,  as  above  explained,  into  the  mode  of  operation  of 
the  secondary  law ; and  gives  evidence  of  the  amount  of  geo- 
logicid  time  intervening  between  the  introduction  and  disap- 
j)earancc  of  generic  or  subgcneric  modifications.  According  to 

' rxLi.  p.  119. 

’ lb.  p.  86.  Even  in  his  partial  quotation  from  iny  work  of  1849,  the  author  of 
ccxiii"  (4th  Ed.  1866)  might  have  seen  ground  for  ttjwlugising  for  his  prepwterous 
assertion,  in  1869: — that  ‘Professor  Owen  maintained,  often  vehemently,  the  im- 
mutability of  species’  (p.  310),  and  for  the  question,  as  preposterr)US  and  unworthy  : 

‘ Does  he  really  believe  that  at  innumorablo  periods  in  the  earth’s  history  elemental 
atoms  have  been  eonimanded  suddenly  to  flash  into  living  tissues?’  (Ib.  Ed.  1849, 
p.  48.3.  In  tho  Eil.  of  1860,  p.  Ill,  the  imputation  is  tacitly  abandoned.)  The  signi- 
ficance of  tho  concluding  |>uragrapho  of  cxi.i  was  plain  enough  to  Banas  Powau., 
cccxxxiti".  p.  401  (185.3),  and  drew  down  on  me  the  hard  epithets  with  which  Theo- 
logy usually  assails  the  inbringcr  of  unwelcome  light,  cii'.  p.  61, 
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the  analogy  of  the  mammalian  Hipparion  and  Etjuus,  we  may 
expect  the  corresponding  precedent  fonn  of  the  Papuan  of  the 
well-wooded  and  richly  fruited  islands  representing  a departed 
tropical  or  subtropical  continent,  to  be  exemplified  by  fossils  in 
formations  not  earlier  than  middle  tertiary.  All  species  coexisting 
with  the  actual  specific  form  of  Homo  will,  with  him,  be  immu- 
table, or  mutable  only  as  be  may  be.  To  name  sucb  species,  after 
comparing  and  determining  their  specific  characters,  will  continue 
to  be  the  Zoologist’s  staple  task  as  long  as  his  own  specific 
intellectual  character  remains  unchanged  (Pref.  p.  xxxvi.).  To 
suppose  that  coexisting  differentiations  and  specialisations,  such 
as  Equui  and  Rhinoceros,  or  either  of  these  and  Tapirus,  which 
have  diverged  to  generic  distinctions  from  an  antecedent  com- 
mon form,  to  be  transmutable  one  into  another,  would  be  as 
unscientific,  not  to  say  absurd,  as  the  idea,  which  has  been  bols- 
tered up  by  so  many  questionable  illustrations,  and  foisted  upon 
poor  ‘ working  men,’  of  their  derivation  from  a Gorilla ! 

§ 425.  Extinction,  cataclysmal  or  regulated? — If,  in  place  of 
recognising  the  series  of  tlie  above-cited  Perissodactyles  as  evi- 
dencing (preordained)  departures  from  parental  type,  probably 
sudden  and  seemingly  monstrous,  but  adapting  the  progeny  in- 
heriting such  modifications  to  higher  purposes,  the  theological 
notion  be  retained,  and  the  species  of  Palaiotherc,  Paloplothere, 
Anchithere,  Hipparion,  and  Horse,  be  severally  deemed  due 
to  remotely  and  successively  repeated  acts  of  direct  creation,  one 
is  concomitantly  led  to  supjxise  the  successive  going  out  of  such 
species  to  have  been  as  miraculous  as  their  coming  in.  The 
destruction  of  one  creation  is  the  logical  preordinance  to  a re- 
currence of  ‘ genesis.’  This  nexus  of  ideas  was  too  close  not  to 
have  swayed  with  Cuvier : accordingly,  in  his  famous  ‘ Discours 
sur  les  Revolutions  dc  la  Surface  du  Globe,’  we  have  a section 
of  ‘ Preuves  que  ces  Revolutions  ont  ete  nombreuses,’*  and 
another  section  of  ‘ Preuves  que  ces  Revolutions  ont  ete  subites.’  * 
Continued  observations  of  Geologists,  while  establishing  the  fact 
of  successive  changes,  have  filled  up  the  seeming  chasms  be- 
tween such  supposed  ‘ revolutions,’  as  the  discoveries  of  Pala:onto- 
logists  have  supplied  the  links  between  the  species  held  to  have 
perished  by  the  cataclysms.  Each  successive  i)arcel  of  geo- 
logical truth  has  tended  to  dissipate  the  belief  in  the  unusually 
sudden  and  violent  nature  of  the  changes  recognisable  in  the 
earth’s  surface.  In  specially  directing  my  attention  to  this  moot 
point,  whilst  engaged  in  investigations  of  fossil  remains,  and  in 
' ceexx".  j).  5.  ’ Ib.  p.  8. 
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the  reconstruction  of  the  species  to  which  they  belonged,  I was,  at 
lenjith.led  to  recognise  one  caiiseof  extinction  as  being  due  to  defeat 
in  the  ‘ contest  which  as  a living  organised  whole,  the  individual  of 
each  species  had  to  maintain  against  the  surrounding  agencies  which 
might  militate  against  its  existence.’  (Pref.  p.  xxxiv.)  ThL< 
principle  has  received  a large  and  most  instructive  accession  of 
illustrations  from  the  extensive  knowledge  and  devoted  labours 
of  Charles  Darwin : but  he  aims  to  apply  it  not  only  to  the  ex- 
tinction but  the  origin  of  species. 

Although  I fail  to  recognise  proof  of  the  latter  bearing  of  the 
‘ battle  of  life,’  the  concurrence  of  so  much  evidence  in  favour  of 
‘ extinction  by  law  ’ is,  in  like  measure,  corroborative  of  the  truth 
of  the  ascription  of  the  origin  of  species  to  a secondary  cause.' 

' A critic  of  the  first  volume  of  the  present  work,  switching  over  the  psgve  of  the 
'Preface*  with  the  speed  they  merited  at  his  hands,  caught  sight  of  the  w*ord«. 
'contest  of  existence,'  'battle  of  life;*  and  thereupon  dashed  off  with — *We  wonld 
call  attention  to  the  following  passage,  and  ask  whether  it  is  not  actnally  as  ad* 
mission  of  the  Darwinian  Theory !'  (*  London  Reyiew,'  April  28,  1866,  p.  483) : then 
pastes  in  the  slip,  beginning  with  ' the  actual  presence,'  to  ' fared  Witter  in  the  battle 
of  life.*  With  the  bulk  of  the  two  volumes  before  him,  an  able  reviewer  cocU 
hardly  be  expected  to  waste  valuable  time  upon  ‘ notes,’  and  so  the  fact  eaca|:<d 
him  that  the  * admission  * or  ‘ adoption  * was,  in  whatever  degree  it  might  relate  to 
the  D.  T.,  an  anticipation. 

Oddly  enough,  another  reviewer  (if  haply  the  same  meritorious  labourer  may  &c< 
have  been  doing  this  sort  of  work  for  both  periodicals)  make-s  the  same  transp<>sitioii 
of  dates,  mistaking  a quotation  for  text ; o.g.  * Kot  the  least  important  featnre  in  the 
work  before  us  is,  that  it  contains  a partial  concurrence,  on  the  }iart  of  the  author,  ia 
the  theory  of  Natural  Selection*  And  the  same  cutting  does  duty  as  * pi^e  justifica- 
tive,’ viz.,  'The  actual  presence,*  &c.  to  ' battle  of  Ufo.* — ('Popular  Science  Review,' 
April,  1866,  p.  212.) 

Having  regard  to  intelligent  counlrj-men  and  countrywomen  taking  scientific  sus- 
tenance from  those  weekly  and  monthly  sources,  and  who  might  never  sec  the  pages 
of  the  work  reviewed,  I ventured  to  call  attention  to  the  omitted  reference  in  the 
foot-note  of  my  ‘Preface,*  viz.,  to  the  volume  of  'Transactions  of  the  Zoological 
Society,’  1850,  in  which  my  theory  of  the  extinction  and  copservation  of  species  ap- 
peared, including  the  passage  quoted,  with  the  obvious  remark,  that,  * if  the  difference 
between  1868  (date  of  the  D.  T.  or  “ Natural  Selection”)  and  1866  (date  of  vol.  i.  of 
Anat.  of  Vertebrates)  puts  the  writer  of  the  latter  date  in  the  subonlinate  pelation 
of  " admitter"  or  “adopter" — tacit  or  otherwise — to  the  author  of  the  same  theorv 
at  the  earlier  date,  the  writer  of  1858  must  stand  in  the  same  relation  to  the  author 
of  the  same  theory  of  I860.’ — (Letter  to  Kd.  ct  'London  Review,  May  1st,  1866.) 

Of  course,  to  every  competent  juilge,  tlie  difference  between  a theory  founded  on 
the  application  of  the  principle  of  the  contest  for  existence  to  the  preservation  or 
extinction  of  certain  species,  and  that  of  a theory  of  the  origin  of  all  species  partiallv 
based  upon  the  same  principle,  must  have  been  obvious;  nor  was  any  pretention 
advanced,  in  the  letter  rectifying  tlie  date  of  the  * idea,’  to  the  ample  and  instructive 
degree  in  which  it  had  been  worked  out,  and  doubtless  as  an  original  thought,  by  the 
accomplished  author  of  ccxiii*'. 

1 deeply  regretted,  therefore,  to  see  in  a 'Historical  Sketch*  of  the  Progress  of 
Enquiry  into  the  origin  of  species,  prefixed  to  the  fourth  edition  of  that  work  (1866i. 
that  Mr.  Darwin,  after  aflfinning,  inaccurately  and  without  evidence,  that  I ‘admitted 
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$ 426.  How  works  the  Derivative  Law  f — The  guesses  made 
by  those  who  have  given  the  rein  to  the  imaginative  faculty  in 

Natural  SelectioD  to  hare  done  something  toward  that  end/  to  wit,  the  * origin  of 
species/ proceeds  to  remark:  *It  is  surprising  that  this  admission  should  not  bare 
been  made  earlier,  as  Prof.  Owen  now  bclieres  that  be  promulgated  the  theory  of 
Natural  Selection  in  a passage  read  before  the  Zoological  Society,  in  February,  1850 
(Trans.  roL  ir,  p.  15).' 

The  reason  assigned  for  this  assertion  is  a paragraph  in  mj  letter  to  the  * London 
Review,*  May  5,  1866,  p.  516,  which  letter  5Ir.  Darwin  represents  as  an  expres- 
sion of  my  belief  *that  I promulgated  the  theory  of  Natural  Selectitm  in  a pas- 
sage read  before  the  Zoological  Society,  in  February,  1850.'  The  passage  which 
Mr.  Darwin  quotes  is  as  follows : — **  No  naturalist  can  dii^nt  from  the  truth  of  ^our 
perception  of  the  essential  identity  of  the  passage  cited  with  the  basis  of  that  (the 
so-calltd  Darwinian)  theory,  the  power,  viz,  of  species  to  accommodate  themselves  or 
bow  to  the  influences  of  surrounding  circomstaDces.**  My  ground  for  assuming  the 
recognition  of  * the  power  of  species  to  accommodate  themselves  or  bow  to  the  influence 
of  surrounding  circumstances ' to  be  the  basis  of  the  * sfxulled  Darwinian  theory,* 
wa»,  the  definition  of  that  theory  given  by  tbs  author  in  the  title-page  of  the  work 
‘ On  the  Origin  of  Species  by  means  of  Natural  Selection.*  For,  the  words  * Natural 
Selection  ’ not  being  likely,  of  themselves,  to  suggest  the  mode  of  origin  of  species,  the 
author  adds  the  following  deflnition  of  his  meaning:  * or,  the  preservation  of  favoured 
rac4«  in  the  struggle  for  life.* 

Now,  although  in  the  perusal  of  the  work  so  entitled  I found  many  other  previously 
propounded  grounds  of  a l^lief  as  to  the  origin  of  species — as,  e.g.  * volition  or  endea- 
vour to  act  in  a given  way/  p.  184,  * homology,'  p.  484,  ‘irrelative  repetition/  p.  149, 
* geological  time/  p.  282,  * succoisire  extinction  of  species/ p.  312,  ‘indications  of  older 
or  earlier  species  having  a more  embryonal  or  generalised  structure  than  their  successors,* 
p.  338.  See , — all  of  which  bad  seemed  to  me  to  be  better  evidences  of  a genetic  succession 
of  species  than  the  one  ground  set  forth  in  the  title-page — yet,  being  so  set  forth,  it  was 
due  to  the  author  to  refer  to  it  as  ' the  basis ' of  his  theory.  If  reference  be  now  made 
to  the  ‘Zoological  Transactions/  vol.iv.  p,  15  (February,  1850),  or  to  ‘Preface*  (vol.i.) 
p.  xxxiv.,it  will  be  seen  that  1 exemplify  the  principle  of  the  preservation  of  the  favoured 
race,  in  the  circumstances  of  the  simple  described,  including  seasonal  extremes,  adap- 
tation to  kinds  of  food,  generative  powers,  introduction  of  eoemiee,  &c..  by  such  cha- 
racters of  species  as  those  of  size  : — * If  a dry  season  be  gradually  prolonged,  the  large 
Mammal  will  sufTer  from  the  drought  sooner  than  the  small  one ; if  such  alteration  of 
climate  affect  the  quantity  of  vegetable  food,  the  bulky  Uerbivure  will  first  feel  the 
effects  of  stinted  nourishment ; if  new  enemies  are  introduced,  the  large  and  conspicuous 
quadruped  or  bird  will  fail  a prey,  whilst  the  smaller  species  cono*al  themselves  and 
escape.  Smaller  animals  are  usually,  also,  more  prolific  than  larger  ones.*  It  will  be 
admitted,  1 may  believe,  that,  in  view  (in  1850)  of  the  question  of  extinction  by 
cataclysm,  or  by  Burrounding  influences,  not  more  extraordinary,  for  example,  than 
extreme  season  (heat,  cold,  rain,  drought,  as  part  of  the  ordinary  Lavs  of  Climate), 
the  operation  of  such  influences  in  the  preservation  of  some  races  and  the  extirpation 
of  others  could  Kcarccly  be  more  explicitly  propounded.  And  this  principle  of  victory 
or  defeat  in  the  ‘ contest  with  surrounding  agencies*  is  set  forth  in  Mr.  Darwin's  title- 
page  as  the  baris  of  bis  theory  of  Natural  Selecti^m.  Then,  when  a reviewer,  ignorant 
of,  or  ignoring,  the  relative  dates  of  promulgation  of  such  basis,  quotes  me  as  adopting 
Mr.  Darwin  s theory,  and  when  1 point  out  the  transpoeition  of  the  dates  of  that 
theory  and  of  my  enunciation  of  its  basis,  Mr.  Darwin  turns  upon  me  and  writes,  in 
1 866 : * Mr.  Owen  now  believes  that  he  promulgated  the  theory  of  Natural  Selection,' 
and  adds.  ' this  belief  in  Prof.  Owen  that  be  thus  gave  to  the  world  the  theory  of 
Natural  Selection  will  surprise  all  who  are  acquainted  with  the  several  passages  of  bis 
works/  Sec.  (p.  xviii.).  But  all  that  Mr.  Darwin  gives  in  support  of  this  statement 
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attempts  to  explain  the  mode  of  operation  of  the  derivative  law 
have  mainly  proved  repellent  to  its  study,  and  have  raised  the 
chief  obstacles  to  its  acceptance,  by  affording  the  most  favourable 
opportunities  of  telling  argument  and  caustic  criticism  to  oppo- 
nents of  any  recognition  of  such  law  in  the  abstract.  Thus, 
De  Maillet’s  conception  of  the  conditions  of  transmutation'  in- 
vited Cuvier’s  crushing  exposition  of  its  absurdity,  which  fell  with 
the  full  weight  of  his  great  anatomical  knowledge.*  Lamarck 

and  comment,  and  1 am  rery  nure  he  quoted  every  word  he  could  6nd  to  juatifT  thee, 
goes  no  further  than  to  show  that  I had  anticipated  him  in  the  basis  of  his  theatr. 
and  in  no  way  or  degree  supports  his  assumption  that  I accepted  or  had  affirmed  that  I 
had  promulgated  (in  1850),  the  extraordinary  superstructure  which  he  has  raised  upaa 
that  basis,  under  the  term  * Xatural  Selection.*  In  so  asserting  I should  have  merelj 
deceivetl  myself : no  Naturalist  cognisant  of  the  history  of  the  prepress  of  the  knov- 
lodge  of  the  origin  of  speciee  could  be  deceived  for  a moment  by  so  gross  an  absurdirr 
as  would  have  been  the  statement  of  the  belief,  which  statement  Mr.  Darvu 
endeavours  to  fasten  up(jn  me,  of  ‘having  promulgated  the  theory  of  *' Kstwi] 
Selection,*’  * or  any  other  theory  of  the  origin  of  specie®.  It  would  have  been  a ewe 
of  wlf-deception  akin  to  that  by  which  Mr.  Darwin,  having  attempted  and.  a*  it 
seems  to  me,  failed,  to  exfdain  the  origin  of  species  on  my  basis  of  the 
for  life,*  assumes  to  himself,  or  allows  others  to  attribute  to  him  the  only  rea5oc- 
able  and  probable  grounds  for  belief  in  the  origin  of  species  through  a pre 
ordained  continuously  operating  secondary  law  or  cause.  And  here  I take  lea” 
to  remark,  that  certain  facts  haring  been  pointed  out.  with  iheir  mode  of  openno^ 
in  the  origin  of  species,  and  the  probabilities  weighed  for  and  against  the  miri' 
culous  origin  of  ‘ aonio  one  form  into  which  life  was  6rst  breathed  * as  conliwt<d 
with  ‘the  normal  origin  of  divers  forms  of  sitrcodal,  single-celled,  life*  as  bypotlh' 
tical  beginners  of  subsequent  and  higher  forms,  it  is  not  honest  to  confound  rod 
‘derivative  hypothesis  of  the  origin  of  species’  with  the  hypothesis  of ‘Natunl 
Selection.' 

* ‘ Car  il  pent  arri ver,  comme  nous  s<;avon8  qu’en  effet  il  arrive  assez  souvent,  qoe  W 
poissons  atl^s  ct  volans  chassant  ou  ^tant  chass^  dans  la  mer,  empoit^s  da 
laproioou  de  la  crainte  do  la  mort,  ou  bicn  pooss^s  peut-^tre  a quelques  pu  dt 
rivage  par  les  vagues  qu’excitait  uno  temp^te,  soient  tomb&s  dans  des  roseaux  on  dss^ 
des  herbages,  d’o6  ensuite  il  ne  leur  fut  pas  possible  de  reprendre  vers  la  mer, 
qui  les  en  avait  tir^s,  et  qu’en  cet  etat  ils  ayent  contract^  une  plus  grande  faculti'd* 
volor.  Alors  leurs  nageoires  n’^tant  plus  baign^es  des  eauz  de  la  mer,  se  feodirent 
et  se  di^jettirent  par  la  s^chcresse.  Tandis  qu'ils  trouv^rent  dsns  les  roseaux  ft  ks 
herbages  dans  lesqucls  ils  etaient  tomb^s,  quelques  alimens  pour  se  soutenlr.  1m 
tuyaux  de  leurs  nageoires  s^par^s  les  uns  des  autres  se  prolon^rent  et  se  revkireot 
de  barbes ; ou,  pour  parler  plus  juste,  les  membranes  qui  auparavant  les  araiMit 
tonus  coll^  les  uns  aux  autres,  se  m^tamorpboscrent.  La  barbe  form^  de 
pellicules  dejett^os  s’allongea  elle-mdme ; la  pean  de  ces  antmaux  se  rrv^tit  inseosil^f' 
ment  d'un  duvet  de  la  meme  couleur  dont  elle  ^tait  peinte  et  ce  duvet  grandit.  Lm 
petits  ailerons  qu'ils  araient  sous  le  ventre  et  qui,  comme  leurs  nageoires,  leur  arrieDt 
aid4  & se  promcner  dans  la  mer,  devinrent  des  pieds,  et  leur  servirent  i marcher  nr 
la  terre.  Il  se  fit  encore  d’autres  petits  changemens  dans  leur  figure.  Le  bee  ft  k 
col  des  uns  s’allongirent ; ceux  des  autres  se  racourcirent : il  en  fut  de  m^me  du  rrrf* 
du  corps.  Ce{K‘udHnt  la  conformity  de  la  premiere  figure  subsiste  dans  le  total;  ft 
elle  est  et  sera  to\\jours  ais^e  k reconnattre.*  Tolliamed,  t.  ii.  p.  166  (1765). 

* ' Des  naturalistes.  plus  matyriels  dans  leur  id^es,  sont  demeurys  humbles  seettb^ 
de  Maillet.  Voyant  que  le  plus  ou  moins  d’usage  d'un  membre  en  augmente  oo  n 
diminue  quclquefois  la  force  et  le  volume,  ils  se  sont  imaginy  que  des  babitudfi  oc 
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gave  occasion  to  many  similar  confutations,  applied  not  always  in 
good  faith,  and  often  by  men  without  any  anatomical  or  physio- 
logical qualifications  for  such  criticism,  to  discredit  veritable  evi- 
dences of  the  operation  of  a secondary  creative  law.  Subjoined, 
for  example,  is  his  hypothesis  of  the  origin  of  the  human  species,' 
which,  with  similar  illustrations  from  the  web-footed,  hoofed,  and 
long-necked  ruminant  mammalia,  have  afforded  topics  of  easy  ridi- 
cule. So  Lyell,  asserting  that  ‘ orangs  had  been  tamed  by  the 
savages  of  Borneo,  and  made  to  climb  lofty  trees  and  bring  down 
the  fruit,’  ’ proceeds : — ‘ It  is  for  the  Lamarcklans  to  explain  how 
it  happens  that  these  same  savages  of  Borneo  have  not  themselves 
acquired,  by  dint  of  longing,  for  many  generations,  for  the  power 
of  climbing  trees,  the  elongated  arms  of  the  orang,  or  even  the 
prehensile  tails  of  some  American  monkeys.  Instead  of  being  re- 
duced to  the  necessity  of  subjugating  stubborn  and  untractable 
brutes,  we  should  naturally  have  anticipated  “ that  their  wants 
would  have  excited  them  to  efforts,  and  that  continued  efforts 
would  have  given  rise  to  new  organs : ” or,  rather,  to  the  reacqui- 
sition of  organs,  which  in  a manner  irreconcileable  with  the  prin- 
ciple of  the  “ progressive  ” system,  have  grown  obsolete  in  tribes 
of  men  which  have  such  constant  need  of  them.’  * 

des  inflaences  exterieorc^^  longt«mps  continti^s,  out  pu  changer  par  degr^  le«  formes 
des  animaux  an  point  de  lea  fuire  arriTer  successiremeot  a toutes  celles  qae  moDtrent 
maintenant  leurs  diflfenntes  esp^c<^.  On  y considire  cn  qaelqne  sorte  lea  corps 
organiMes  comme  nne  simple  mnsse  de  pAte  on  d'argile  qni  se  laisseniit  monler  entre 
les  doigta.  Aussi  dn  moment  on  cee  autenn  ont  roulo  entrer  dana  le  detail,  ils  soot 
tombea  dans  le  ridiente.  Quiconqne  ose  avancer  a^rienaement  qo'nn  poiaaon,  a force 
de  se  tenir  au  sec.  puurrait  voir  sea  ecaillea  se  fendiller  et  se  changer  en  plumes,  et 
devenir  lut-m^me  un  oiaeau  ; ou  qu’un  quadruple,  a force  de  p^n^trer  dans  des  voies 
etroites,  de  se  passer  a la  filiere,  pourrsit  se  changer  on  un  serpent,  ne  fait  autre  chose 
que  prourer  la  plus  profonde  ignorance  de  Tanatomie.  Quel  rapport  y a*t-il  entre 
TorganisHtion  compliqueo  et  admirable  de  la  plume,  ses  toniqnes,  sea  vaisseaux,  see 
cupules  transitoires  sur  lesquelles  se  monlent  ses  barbes,  et  dont  il  reste  une  partie 
dans  son  tuyeau,  .ses  l«arbule#»  de  plusieurs  ordres,  toujours  si  bien  adaptees  a In 
nature  de  Tois^u ; quel  rapport, dis-je, y a-t-il  entre  tout  oela  et  une  Acaille  qui  se  fen- 
dillcrait?  il  y a mieux,  e’est  que  I'^caille  nest  pas  m^me  d’une  texture  qui  lui  permettre 
de  se  fendre  ainsi  en  se  dc«>^bant ; et  roila  cependant  un  Achantillon  de  ce  que  nous 
propos^nt.  des  autexirs  vant^!’ — xii.  i.  p.  100. 

' * Efftvtivement.si  one  race  qtielconque  de  qnadrumanf4,  surtout  la  plus  perfectionnAe 
d’eiitre  elles,  perdoit,  par  la  n^essitc  des  circonstances  ou  par  quelqu'antre  cause, 
I'habitude  de  grimper  sur  les  arbres  et  d’en  empoigner  les  branches  avec  les  pieds, 
corame  avec  les  mains,  pour  tCy  accrocher ; et  si  les  individus  de  cette  race,  pendant 
une  suite  de  generations,  4toi<*nt  forew  de  ne  servir  de  leurs  pieds  que  pour  marcher, 
et  cessoient  d’emplojer  leurs  mains  commes  des  pieds ; il  n'est  douteux,  d’api4s  le« 
observations  exposeea  dans  le  chapitrt'  prwedant,  qne  les  quadrumanes  ne  fussent  a la 
fin  transformes  en  himanes^  ct  que  les  pouces  de  leurs  pieds  ne  cessassent  d’Atr© 
^*arteM  des  doigts.  ces  pieds  ne  lour  servant  plus  qu’A  marcher.* — eexerm".  i.  p.340. 

* ccc".  Ed.  1835,  vol.  ii.  p.  463.  * IK  p-  464. 
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An  anatomist  and  physiologist  competent  to  judge  of  the 
stable  grounds  of  a derivative  origin  of  species — unity  of  plan, 
geological  epochs,  successive  species  therein, — truly  set  forth  by 
the  great  and  philosophic  naturalist,  would  have  referred  to  him. 
bearing  calmly  and  nobly  an  old  age  of  blindness  and  poverty,  in 
a more  worthy  spirit.  From  one  destitute  of  qualiheations  fur 
gra|>pling  "with  the  difficulties  of  this  profound  genetic  problem 
in  physiology,  silence  would  have  been  blameless.  Vituperative 
condemnation  by  such  a one  of  a given  phase  or  an  untenable 
ground  of  that  problem  is  of  no  greater  value  than  his  extravagant 
commendation,  with  as  little  capacity  for  comprehending  its  weak- 
ness, of  a subsequent  attempt  towards  its  solution. 

Some  of  Lamarck’s  characteristic  and  assailable  illustrations 
have  indeed  been  adopted  and  further  developed : — ‘ Ceux  dcs 
inammift^rcs  aquatiques  qui  contract^rent  I’habitude  de  ne  jamais 
sortir  dcs  eaux,  et  seulement  de  venir  respirer  a leur  surface, 
donnerent  probablement  lieu  aux  differens  Cetacees.  En  effet, 
depuis  r^norinc  quantity  de  temps  que  ces  aniraaux  vivent  dans 
le  sein  des  mers,  ne  se  servant  jamais  de  leurs  pieds  posterieurs 
pour  saisir  les  objets,  ces  pieds  non  employes  ont  tout-a-fait 
disparu,  ainsi  que  leurs  os,  et  meme  le  bassin  qui  leur  servoit 
de  soutien  et  d’attache.’ ' As  a fact,  however,  so  much  of  the 
pelvis  has  been  preserved  in  Cetacea  as  serves  to  give  origin  to 
certain  muscles  of  the  genitals  ; and,  in  the  mysticete  whale,  even 
a rudiment  of  the  attached  limb  remains  (vol.  ii.  fig.  159,  63— 6<\. 
But  besides  the  influence  of  habitual  sojourn  in  water,  Mr.  Darwin 
adds  another  consideration  to  account  for  the  enormous  head  in 
Cetacea : — ‘ In  North  America  the  black-bear  was  seen  by  Heame 
swimming  for  hours  with  widely  open  mouth,  thus  catching,  almost 
like  a whale,  insects  in  the  water.’  I see  no  diflicultv  in  a 
race  of  bears  being  rendered  by  Natural  Selection,  more  and 
more  aquatic  in  their  structure  and  habits,  with  larger  and  lartrer 
mouths,  till  a creature  was  produced  as  monstrous  as  a whale.’  ’ 

The  idea  which  Mr.  Darwin  persuades  himself  that  he  ori^nated 
in  addition  to  Lamarck’s  ‘ influence  des  circonstances  sur  les  ac- 
tions et  les  habitudes  des  animaux  et  de  celle  des  actions  et 
des  habitudes  de  ces  corps  vivans,  comme  causes  qui  modi- 
fient  leur  organisation  et  leurs  parties  ’ is  most  intelligiblv 
illustrated  in  the  Paper  in  which  he  first  communicated  his  views 
to  the  Linnajan  Society.  It  is  by  ‘ an  imaginary  example  from 
changes  in  progress  on  an  island’: — ‘ Let  the  organisation  of  a 

' ccxcviir.  ii.  p.  461.  ’ ccxiii".  p.  184,  Ed.  1. 

* This  conclusion  of  the  }mssagc  is  omitted  in  later  editions. 
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canine  animal  which  preyed  chiefly  on  rabbits,  but  sometimes  on 
hares,  become  slightly  plastic  : let  these  same  changes  cause  the 
number  of  rabbits  very  slowly  to  decrease,  and  the  number  of 
hares  to  increase : the  effect  of  this  would  be  that  the  fox  or  dog 
would  be  driven  to  try  to  catch  more  hares ; his  organisation, 
however,  being  slightly  plastic,  those  individuals  with  the  lightest 
forms,  longest  limbs,  and  best  eyesight,  let  the  differences  be  ever 
so  small,  would  be  slightly  favoured,  and  would  tend  to  live 
longer,  and  to  survive  during  that  time  of  the  year  when  food  was 
scarcest ; they  would  also  rear  more  young,  which  would  tend  to 
inherit  those  slight  peculiarities.  The  less  fleet  ones  would  be 
rigidly  destroyed.  1 can  see  no  more  reason  to  doubt  that  these 
causes  in  a thousand  generations  would  produce  a marked  effect, 
and  ada[)t  the  form  of  the  fox  or  dog  to  the  catching  of  hares 
instead  of  rabbits,  than  that  greyhounds  can  be  improved  by  se- 
lection and  careful  breeding.’  ‘ So  Geoffroy  Saint-Hilaire  also 
■wrote : — ‘ Si  ces  modifications  amcnent  des  effets  nuisibles,  les 
animaux  qui  les  4prouvent  cessent  d’exister,  pour  etre  remplac^s 
par  d’autres,  avec  des  formes  un  peu  ebangdes,  et  chang^es  d,  la 
convenance  des  nouvelles  circonstances.’  ’ 

The  modifications  on  which  Geoffroy  Saint-Hilaire  laid  chief 
stress  were  those  assumed  to  have  affected  the  ambient  medium, 
the  mode  of  operation  of  which  in  the  origin  of  species  he  thus 
exemplifies : — ‘ Mon  Memoire,  traitant  de  I’influence  des  milieux 
ambians  pour  modifier  les  formes  animales,  inontre  comment  la 
quantite  decroissante  de  I’oxygilne,  relativement  aux  autres  com- 
posans  de  Tatmosphere,  a pu  forcer  les  surfaces  cutanees  des 
embrj-ons,  premier  et  principal  sif'ge  des  actes  respiratoires,  k 
s’ouvrir  davantage,  a gagner,  dans  une  raison  inverse  du  volume 
existant  de  I’oxygene,  plus  de  profondeur,  au  moyen  de  plus  larges 
anfractuosites  dans  le  tissu  cellulaire,  et  a acquerir,  par  un  ac- 
croissement  dans  I’intensite  des  effets,  de  plus  en  plus,  le  carac- 
tere  d’ampoulcs  et  dccidement  de  trachees,  jusqu’a  ce  qu’enfin 
survienne  dans  le  thorax  une  concentration  des  sinus  respiratoires, 
et  des  arrangements  de  structure  pour  I’isolement  des  poches  ou 
theatres  de  respiration,  appeles,  suivant  leurs  qualit^s  condition- 
nelles,  poumons  ou  branchies.' — ccxcvii".  p.  82. 

One  should  not  be  dealing  fairly  with  this  exposition  of  trans- 
miitative  conditions  if  we  were  to  take  its  terms  in  their  literal  or 
usual  acceptation ; else,  the  obvious  objection  that  embryos  arc 
shut  out  from  the  influence  of  the  atmosphere  until  their  lungs 

' ccci.  p.  49.  But  see  the  remnrks  on  this  in  clxx*.  p.  434,  snd  cii'.  p.  64. 

’ tvxcix".  p.  79. 
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are  prepared  for  it,  at  once  suggests  itself.  I assume,  therefore, 
that  the  term  is  used,  metaphorically,  to  signify  the  low  and  early 
emhryo-like  forms  of  living  things.  But  it  may  then  be  remarked 
that  if  speculation  be  permitted  on  possible  changes  in  the  con- 
stitution of  the  atmosphere  of  this  planet,  during  past  geological 
{eons,  it  is  more  probable  that  the  proportion  of  the  carbonic  acid 
has  been  reduced  than  that  of  the  oxygen.  The  prevalence  of 
remains  of  cold-blooded  slow-breathers  in  paleozoic  and  older 
mezozoie  strata  has  more  than  once  suggested  such  relation  to  the 
‘ ambient  medium.’  I repeat,  however,  that  the  sole  consequence 
of  vague  generalities,  or  figurative  impersonations,  propounded  to 
show  how  transmutation  may  go  on,  has  been  to  jwejudice  calm 
and  sound  judgments  against  any  acceptance  of,  or  favour  toward, 
the  groiinds  of  a belief  in  secondary  creational  law.  I have  else- 
where tested  the  ideas  of  Lamarck  and  Darwin  as  to  the  mode 
of  transmutation,  by  reference  to  the  species  Chiromys  Madugas- 
cariensis : ' I will  now  apply  them,  together  with  Geoffroy's,  to 
another  and  lower  degree  of  life. 

What  spectacle  can  be  more  beautiful,  striking,  and  suggestive 
than  that  of  the  inhabitants  of  the  calm  expanse  of  water  of  an 
atoll,  encircled  by  its  vast  ring  of  coral  rwk ! Leaving  the 
bright-tinted  Choctodonts,  the  Scari  with  adamantine  jaws,  the 
Holothurians  and  other  locomotive  frequenters  of  the  calcareous 
basin  out  of  the  question,  and  restricting  the  test  to  the  species 
cemented  or  otherwise  confined  to  its  area;  we  may  first  ask: — 

W ere  the  elements  of  the  coriaceous  and  of  the  softer  contrac- 
tile and  secreting  tissues  of  the  coral-jwlypc  suddenly  combined 
and  disjKised  so  as  to  form  the  body-wall,  inverted  ga.stric-bag, 
produced  tentacles,  intermediate  lamina*,  generative  ]>laits,  vesi- 
cles and  threads,  with  outer  folds  in  arrangement  and  numbers 
such  as  to  secrete  the  laminate  calcareous  polype-cell?  Was  the 
creature,  so  miraculously  constituted,  at  the  same  time  endowed 
with  generative  faculties  to  multipl}’  and  rej)roduce  its  kind  for 
all  time ; the  creative  act  henceforth  and  thereafter  being  dis- 
])ensed  with  ? Accej)ting,  with  the  theologian,  this  view,  it  must 
then  be  applied  to  each  of  the  more  or  less  closely  allied  species 
a.ssociated  in  the  same  coral  workhouse.  The  origin  of  such 
species  thus  dates  back  to  the  beginning  of  life  on  the  gloW.’ 
The  first  created  coral-polype  included,  potentially,  the  germs  of 
its  successors  throughout  all  time. 

* Cll".  J>p.  64-C6. 

* I leave  out  of  the  que.^tion  the  iHiml  infinence  of  the  hean’  aoti  con* 

tlouoiij)  min  to  the  <K’enii  in  onler  to  raiae  it  above  the  liigheiit  mountnias 

(iccoixliiig  to  the  biblical  6(xk1. 
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Obsen'ation,  however,  shows  that  the  species  of  existing  An- 
thozoa  cannot  be  traced  verv  far  back:  those  with  a flexible,  or 
with  a branched, calcareous  axis  began  only  at  the  tertiary  period; 
and,  of  the  genera  of  eocene  lamellate  or  stony  corals,  all  the 
species  are  extinct,  and  have  been  superseded  in  their  grand  and 
useful  o[>cration3  by  those  now  forming  reefs  and  atolls.  As  we 
extend  our  researches  back  in  time  we  find  generic  and  family 
types  of  coral-polypes  passing  away : the  prevalent  pattern  of 
stellate  cuj>s  of  rays  of  iix  or  its  multiples,  has  superse<led  a 
simpler  pattern  oi  four  or  its  multiples.  Of  the  Cyathophyllida; 
of  the  palaKJZoic  reefs  which  present  a quadripartite  character  of 
their  plaited  polype-cells,  not  one  such  sj)ecies  now  exists,  or  has 
been  observed  in  any  formation  later  than  lower  green-sand.  More- 
over, the  filling  up  of  abandoned  cells  in  the  course  of  growth  of 
the  polypary  becomes  changed  from  a more  complex  to  a more 
simple  method,  as  we  recede  in  time  in  pursuing  our  com- 
parisons.' 

M ith  this  generalise*!  result  of  observation  of  reef-building 
polyi>e3  we  return  to  the  initial  question  in  a frame  of  mind  inevi- 
tably other  than  that  in  which  the  creation  of  a coral-island  is 
pondered  on  by  one  ignorant  of  the  geological  history  of  the  class 
engaged  in  its  construction.  Was  direct  creation,  after  the  dying 
out  of  its  result  as  a ‘ rugose  coral,’  repeated  to  constitute  the  suc- 
cee<ling  and  superseding  ‘ tabulate  coral  ’?  Must  we,  also,  invoke 
the  miraculous  f>owcr  to  initiate  every  distinct  species  of  both 
Kuyosa  and  Tahulata  ? These  grand  old  groups  have  had  their 
day  and  are  utterly  gone.  When  we  endeavour  to  conceive  or 
realise  such  mode  of  origin,  not  of  them  onlv,  but  of  their  manifold 
successors,  the  miracle,  by  the  very  multiplication  of  its  mani- 
festations, becomes  incredible — inconsistent  with  any  worthy  con- 
ception of  an  all-seeing,  all-provident  OmnijK'tencc  I It  is  not 
above,  but  against,  reason  ; and  I may  assume  the  special  primary 
creative  hyjK)thcsis  of  the  successive  and  coexisting  sj>ecies  of 
Anthozon  to  be  not  now  held  by  the  scientific  naturalist. 

Let  us  then  test  the  propounded  explanations  of  their  origin 
by  secondary  law.  That  of  ‘appetency  ’ subsides  from  the  imjio- 
tency  of  a coral-polyj*e  to  exercise  volition.  The  weak  point  of 
Lamarck’s  creative  machinery  is  its  limited  applicability,  viz., 
to  creatures  high  enough  in  the  scale  to  be  able  to  ‘ want  to  do 
something : ’ for  the  determined  laws  of  the  ‘ reflex  function  ’ in 
the  physiology  of  the  nervous  system  and  the  necessity  of  the 

' cLzxx.  pp.  23-28. 


Digitized  by  Google 


805 


ANATOMY  OF  VEBTEBRATF.S. 


superadded  cerebral  mass  for  true  sensation  rigorously  fix  the 
limits  of  volitional  faculties. 

We  pass  then  to  considerations  of  the  ‘ ambient  medium  ’ and 
‘ natural  selection.’  We  have  no  evidence  that  the  fabricators  of 
the  coral-reef  of  Wenlock-edge,  or  of  those  skirting  the  Cambrian 
slates  and  Devonshire  ‘ killas,’  or  of  those  in  the  lofty  limestone 
cliffs  of  Cheddar,  worked  in  an  ocean  otherwise  constituted  than 
the  present  What  conceivable  character  of  sea  or  of  the  air 
dissolved  or  diffused  therein  could  have  changed  the  loose  aggre- 
gation of  the  individuals  of  composite  Rugona  into  the  close  com- 
bination, with  intercommunicating  pores,  of  those  of  the  compivsite 
Tabulata  ? Or  what  possible  external  influence  could  have 
transmuted  the  comjmratively  simple  massive  mode  of  growth  or 
deposition  of  carbonate  of  lime  common  to  both  Rugotn  and  Tabu- 
lata into  the  light  and  complex  character  of  the  polyparies  of  most 
existing  lamelliferous  Anthozoa  ? In  the  first  mode  the  old  polyj>e- 
cell  is  successively  partitioned  off  from  the  one  in  occupation  by 
floor  after  floor  crossing  the  cavity : in  the  other,  radiating  ver- 
tical partitions  alone  occupy  the  deserted  cell  and  extend  uninter- 
ruptedly from  its  bottom  or  beginning  to  the  superficial  inhabited 
chamber.  The  quadripartite  pattern  of  the  plaited  cup  of  the 
palaeozoic  coral  has  changed  into  the  sexpartite  disposition  of  the 
radiating  lamellae  of  the  polype-cells  of  tertiary  and  modem  corals. 
But  personifying  the  fact  of  such  transmutations  by  the  term 
‘ natural  selection’  gives  no  more  insight  into  the  manner  of  the 
operations  than  we  learn  of  that  of  the  budding  out  of  a new  leg 
in  a maimed  newt,  by  being  told  that  it  is  done  by  the  ‘ nisus 
formativus’  or  by  ‘ j)angenesi8  ’ I Even  were  there  evidence  of 
changes  in  the  composition  of  the  atmosphere,  their  ‘ modus  ojie- 
randi  ’ in  effecting  such  structural  diflerences  would  not  be  more 
conceivable. 

I do  not  believe  that  a sexpartite  type  of  coral  was  miracu- 
lously created  to  supersede  a quadripartite  one.  If  the  grounds 
are  good  for  admitting  the  continuous  operation  of  a secondary 
cause  of  the  specific  forms  of  Vertebrate  life,  a fortiori  it  is  ad- 
missible in  the  lower  sphere  of  Radiate  life.  It  is  consistent  with 
facts  that  a ([uadripartite  coral  might  bud  out,  or  otherwise 
generate,  a variety  with  a greater  number  of  radiating  lamina*. 
Some  varieties,  like  those  expressed  by  the  modern  generic  tenns 
Porites,  Millepora,  especially  the  M.  complanata,  with  its  strong 
vertical  plates,  were  better  adajited  to  bear  the  brunt  of  the 
breakers,  and  flourish  in  the  surf,  under  the  protection  of  the 
coating  Xullipore.  But  to  how  small  an  exception  is  this  rela- 
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tion  applicable!  Of  the  120  kinds  of  coral  enumerated  by 
Ehrenberg  in  the  Red  Sea, ' 100,  at  least,  exist  under  the  same 
conditions.  The  majority  of  species,  originating  in  uncalled-for, 
unstimul.ated,  unselected  departures  from  parental  structure, 
establish  themselves  and  flourish  independently  of  external  in- 
fluences. All  classes  of  animals  exemplify  this  independence : 
the  Cetaceans,  under  an  extraordinary  and  nicely  graduated  range 
of  generic  and  specific  modifications ; and  the  same  may  be  said 
of  most  Fishes.’ 

So,  being  unable  to  accept  the  volitional  hypothesis,  or  that 
of  impulse  from  within,  or  the  selective  force  exerted  by  out- 
ward circumstances,  I deem  an  innate  tendency  to  deviate  from 
parental  type,  operating  through  periods  of  adequate  duration,  to 
be  the  most  probable  nature,  or  way  of  operation,  of  the  second- 
ary law,  whereby  species  have  been  derived  one  from  the  other. 

It  operates,  and  has  operated,  in  the  surface-zones  where  the 
chambered  cephalopods  floated,  and  at  the  depths  where  the  bra- 
chio]K)ds  were  anchored,  as  in  the  more  defined  theatre  in  which 
the  various  polypes  of  the  coral  reef  display  their  diversities  of 
colour,  size,  shape,  and  structure,  independently  of  outward  in- 
fluences. This  tendency,  moreover,  is  not  exemplified  in  the 
ratio  of  the  number,  variety,  or  force  of  conceivable  ‘selective’ 
surrounding  influences,  but  is  directly  as  the  simplicity  of  the 
organism.  In  the  Foraminifera,  e.  g.,  it  is  manifested  in  such 
degree  that  as  many  as  fifteen  genera  defined  by  one  given  to — 

Intrigue  with  the  specious  chaos,  and  dispart 

Its  most  ambiguous  atoms  with  sure  art ; 

Define  their  pettish  limits,  and  estrange 

Tlicir  points  of  contact  and  swift  counterehange, 

have  been  found  by  his  followers  to  be  but  varieties  of  a single 
type  ; and  even  this,  too  inconstant  to  come  under  the  definition 
of  a species  given  in  p.  792.  The  departure  from  parental  form, 
prmlucing  the  beautiful  varieties  of  perforate  and  imperforate 
Rhizo[x)d8,  and  which  exemplify  each  group,  respectively,  under 
the  Lagcnine,  Xummulinine,  Globigerine,or  under  the  Gromiine, 
Milioline,  and  Litnoline  types,  has  effected  its  ends  independently 
of  inner  volitions  or  of  outer  selections.  Certain  encrusting  forms 
seem  by  the  presence  of  siliceous  spicula  to  have  been  derived 
from  s])onges ; but  no  explanation  presents  itself  for  such  transi- 
tional changes,  save  the  fact  of  anomalous,  monstrous  births — as 
these  varieties,  and  the  whole  assemblage  of  alternate-generative 
}>henomena,  would  be  called  ‘ in  high  life.’ 

' cccxix".  p.  46.  ’ lent',  p.  44. 
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According  to  my  derivative  hypothesis,  a change  takes  place 
first  in  the  structure  of  the  animal,  and  this,  when  sufficiently 
advanced,  may  lead  to  modifications  of  habits.  But  we  have 
no  evidence  that  the  observed  amount  of  change  in  I^orifern, 
Foraminifera,  and  Anthozoa,  &c.  has  been  attended  with  any 
change  in  the  way  or  power  in  which  they  extract  from  their 
ambient  medium,  and  precipitate,  silex  and  carbonate  of  lime,  or 
in  the  performance  of  any  other  vital  function.  species  rise 
in  the  scale,  the  concomitant  change  of  structure  can  and  does 
lead  to  change  of  habits.  But  species  owe  as  little  to  the 
accidental  concurrence  of  environing  circumstances  as  Kosmos  de- 
pends on  a fortuitous  concourse  of  atoms.  A purposive  route 
of  development  and  change,  of  correlation  and  interdependence, 
manifesting  intelligent  Will,  is  as  determinable  in  the  succession 
of  races  as  in  the  development  and  organisation  of  the  individual. 
Generations  do  not  vary  accidentally,  in  any  and  every  direction ; 
but  in  preordained,  definite,  and  correlated  courses. 

If  the  survey  of  a series  of  siliceous  polycystins  and  diatoms, 
of  z(K>phytes,  of  brachiopods,  of  ammonites,  excites  pleasure  by 
their  beauty,  and  raises  worship  of  the  Power  manifesting  itself 
in  such  inconceivable  and  exhaustless  variety,  I accept  the  relation 
as  one  designed,  and  in  Ilis  due  time,  fulfilled: — 

To  doubt  the  fairness  were  to  want  an  eye ; 

To  doubt  the  goodness  were  to  want  a heart ! 

‘ Derivation  ’ holds  that  every  species  changes,  in  time,  by  vir- 
tue of  inherent  tendencies  thereto.  ‘ Natural  Selection  ’ holds 
that  no  such  change  can  take  place  without  the  influence  of 
altered  external  circumstances  educing  or  selecting  such  ch.mge. 

‘ Derivation  ’ sees  among  the  effects  of  the  innate  tendeticy  to 
change,  irrespective  of  altered  surrounding  circumstances,  a mani- 
festation of  creative  power  in  the  variety  and  beauty  of  the 
results : and,  in  the  ultimate  forthcoming  of  a being  susceptible  of 
appreciating  such  beauty,  evidence  of  the  preordaining  of  such 
relation  of  jx>wer  to  the  appreciation.  ‘Natural  Selection  ’ ac- 
knowledges that  if  ornament  or  beauty,  in  itself,  should  be  a pur- 
jM)se  in  creation,  it  would  be  absolutely  fatal  to  it  as  a hypothesi.s. 

‘ Natural  Selection  ’ secs  grandeur  in  the  “ view  of  life,  with  its 
several  powers,  having  been  originally  breathed  by  the  Creator 
into  a few  forms  or  into  one : ” ‘ ‘ Derivation  ’ sees,  therein,  a 

narrow  invocation  of  a special  miracle  and  an  unworthy  limitation 
of  creative  power,  the  grandeur  of  which  is  manifested  daily, 

* ccxiii".  Ed.  1860,  p.  490. 
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hourly,  in  calling  into  life  many  forms,  by  conversion  of  physical 
and  chemical  into  vital  modes  of  force,  under  as  many  diver- 
sified conditions  of  the  requisite  elements  to  be  so  combined. 

‘ Natural  Selection  ’ leaves  the  subsequent  origin  and  succession 
of  species  to  the  fortuitous  concurrence  of  outward  conditions : 

‘ Derivation  ’ recognises  a purpose  in  the  defined  and  preordained 
course,  due  to  innate  capacity  or  power  of  change,  by  which 
nomogenously-created  protozoa  have  risen  to  the  higher  forms  of 
plants  and  animals. 

The  hypothesis  of  ‘ derivation  ’ rests  upon  conclusions  from 
four  great  series  of  inductively  established  facts,  together  with  a 
probable  result  of  facts  of  a fifth  class : the  hypothesis  of  ‘ natural 
selection  ’ totters  on  the  extension  of  a conjectural  condition, 
explanatory  of  extinction  to  the  origination  of  species,  inappli- 
cable in  that  extension  to  the  majority  of  organisms,  and  not 
known  or  observed  to  apply  to  the  origin  of  any  species. 

§ 427.  Epigenetis  or  Evolution  ? — The  derivative  origin  of 
species,  then,  being,  at  present,  the  most  admissible  one,  and  the 
retrospective  survey  of  such  species  showing  convergence,  ns  time 
recedes,  to  more  simplified  or  generalised  organisations,  analogous 
to  Von  Baer’s  law  of  individual  development,  the  result  to  which 
the  suggested  train  of  thought  inevitably  leads  is  very  analogous 
in  each  instance.  If  to  Kosmos  or  the  mundane  system  has  been 
allotted  powers  equivalent  to  the  development  of  the  several 
grades  of  life,  may  not  the  demonstrated  series  of  conversions  of 
force  have  also  included  that  into  the  vital  form  ? 

In  the  last  century,  physiologists  were  divided  as  to  the  prin- 
ciple guiding  the  work  of  organic  development. 

The  ‘ evolutionists  ’ contended  that  the  new  being  pre-existed 
in  a complete  state  of  formation  needing  only  to  be  vivified  by 
impregnation  in  order  to  commence  the  series  of  expansions,  or 
disencasings,  culminating  in  the  independent  individual. 

The  ‘ epigenesists  ’ held  that  both  the  germ  and  its  subse- 
quent organs  were  built  up  of  juxtaposed  molecules  according 
to  the  operation  of  a developmental  force,  or  ‘ nisus  forma- 
tivus.’ 

Haller  maintained  the  principle  of  ‘ evolution,’  Buffon  that  of 
‘ epigenesis.’  Hunter,  who  surpassed  all  his  contemporaries  in 
observations  on  the  formation  of  the  chick,  ‘ thought  he  could 
see  both  principles  at  work,  together  with  a third.’  However,  as 
he  limited  the  ‘ pre-existing  entities  ’ to  ‘ the  materia  vita;  uni- 
versalis ’ and  the  ‘ absorbent  faculty,’  he  would  now  be  classed 
with  the  ‘ epigenesists.’  t'or,  he  reckoned  among  the  parts  newly 
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built  up,  not  evolved,  ‘ the  brain  and  heart,  with  their  append- 
ages, the  nerves  and  vessels,  and  so  on  of  all  the  other  parts  of 
the  body  which  we  do  not  find  at  first.’*  His  third  principle  is 
merely  a modification  of  epigenesis,  viz.,  ‘ change  in  form  and 
action  of  pre-existing  parts.’ 

At  the  jiresent  day  the  question  may  seem  hardly  worth  the 
I)aj)er  on  which  it  is  referred  to.*  Nevertheless,  ‘ pre-existence 
of  germs  ’ and  ‘ evolution  ’ are  logically  inseparable  from  the  idea 
of  the  origin  of  species  by  primary  miraculously  created  indi- 
viduals. Cuvier,  therefore,  maintained  both,  as  firmly  as  did 
Haller.®  It  is,  pcrha[>s,  one  of  the  most  remarkable  instances 
of  the  degree  in  which  a favourite  theory  may  render  us  blind 
to  facts  which  are  oj)posed  to  our  prepossessions.  Hunter’s 
demon.strations  of  the  epigenetic  development  of  the  blastoderm 
and  initial  parts  of  the  chick  * were  not  known  to  Cuvier ; but 
the  analogous  ones  of  Wolff®  he  had  studied.  To  the  phenomena 
of  the  blood-lakes  and  their  union  in  order  to  constitute  the 
‘ circulus  vasculosus  ’ of  the  vitellicle,  Cuvier  opposes  the  follow- 
ing remark  : — ‘ Mais  il  faut  n&essairement  admettre  qu’il  y avail 
une  pr6  existence  de  quelques  chemins  pour  les  pointes  rouges; 
car  en  vertu  de  quelle  force  la  figure  veineuse  serait-elle  toujours 
composde  des  mcmes  vaisseaux  ayant  la  meme  direction  ? Com- 
ment ces  vaisseaux  aboutiraient-ils  toujours  au  meme  point  pour 
former  un  cceur?  Tous  ces  ph^nomdnes  ne  sont  intelligibles 
qu’autant  qu’on  admet  quelque  prd-existence.’  ® 

Haller,  who  had  made  some  good  observations  on  embryonal 
development,  confessed  that  there  was  a stage  in  that  of  the  chick 
in  which  the  ‘ intestinal  canal  was  not  visible  ;’  he  would  not  ad- 
mit, however,  that  it  W’as  not  formed,  or  that  it  did  not  pre-exist ; 
but  affirmed  that  it  was  too  minute  to  be  perceived : not  until  the 
head  and  limb-buds  of  the  chick  appeared,  was  the  intestine 
visibly  ‘ evolved.’  ^ 

' XX.  rol.  V.  p.  xiv. 

• The  encasement  or  imboxingr  (‘emlxiitcmont’)  of  germs  was  deemed,  a ecniTur 

or  more  ago,  to  receive  support  from  the  evolution  of  buds  and  other  parts  of  plajiU. 
and  from  Swammerdam’s  discoveries  in  the  chrysalis,  not  only  of  the  parts  which 
nflerwanls  form  the  butterfly,  as  wings  antenme,  &c.,  but  also  of  the  which 

Wi  re  to  be  laid  in  that  phase  of  life.  Bonnet  drew  an  inference  in  favour  of  the 
same  view  from  his  discovery  of  the  numerous  suo’essive  generations  of  Aphid^g^  which 
might  be  impregnated  by  a single  copulation.  (See,  however,  cxlh'.  pp.  27,  39.) 

• xxvin".  * XX.  vol.  V.  PU.  Ixviii.-lxxviii.  * cccvi". 

• cccvii".  tom.  iv.  p.  236. 

’ “Partes  animalis  non  novitcr  formantur,  se<l  tmnseunt  ox  statu  obscuro  in  eon- 
spicuum.” — xxviii".  tom.  viii.  sectio  2da.  p.  150-156.  Also  ‘M^^moire  II,,  gup  U 
formation  du  Poulet,’  p.  182. 
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To  the  beautiful  demonstration  of  the  steps  in  the  successive 
building  up  and  moulding  of  the  intestinal  canal,  out  of  the 
‘mucous  layer’  of  the  blastoderm,  Cuvier  objects: — ‘ Mais 
quand  il  scrait  vrai  que  I’intestin  se  forme  comme  Wolff  croyait 
I’avoir  observe,  il  n’en  resulterait  aucune  preuve  en  faveur  de 
I’epigenese  ; car  le  nombril,  par  lequel  I’embryon  tient  a son  pla- 
centa, est  d’abord  tout  aussi  large  que  I'aniinal  lui-meme ; c’cst 
en  enveloppant  la  portion  du  jaune  qui  doit  rester  dans  I’inte- 
rieur,  que  la  peau  finit  par  retrecir  de  plus  en  plus  cette  ou- 
verture,  qui  primitivement  n’en  4tait  pas  une,  et  par  la  reduire  a 
I’ombilic  tel  qu’on  le  voit  dans  le  poulet  ou  dans  I’enfant  naissant.’  ‘ 

Geoft’roy  contended  that  the  dogma  of  ‘ pre-existence  of  germs  ’ 
owed  its  origin  to  a metaphysical  explanation  of  ill-observed  phe- 
nomena. To  admit  that  a germ  included  within  itself  all  the 
forms,  in  miniature,  which  were  afterwards  to  be  manifested,  and 
to  develope  such  theory  by  a matter  so  indefinable,  was  to  mul- 
tiply, at  will,  the  most  gratuitous  suppositions.’  Ilis  opponent’s 
passages,  above  quoted,  in  defence  of  a doctrine  now  deemed  by 
embryologists  to  be  dead  and  buried,  have  hardly  other  than  his- 
torical interest ; ’ and  I should  not  have  recalled  them,  or  their 

' coevn'*.  tom.  ir.  p.  277.  * Anat.  Philos,  rol.  ii.  p.  280. 

* A jx)lemical  bishop,  viewing  with  the  mixtxl  feelings  of  his  kind  tho  dawn  of  new 
light,  which,  in  1669,  began  to  men’s  minds  freym  the  ‘ E.-J*ay  on  the  Human 

Understanding,*  commenced  his  attack  by  insinoating  * un^nindoess*  in  the  author; 
then  called  upon  Ijocke  ‘ to  clear  himself  by  declaring  to  the  world,  that  be  uwnoil 
the  dotTtrine  of  tho  Trinity,  as  it  hath  been  received  in  the  Christian  Church.’  (Bp. 
of  Worcester’s  ‘Answer  to  Locke's  Second  Letter,’  p,  4.)  Finally,  he  charged  him 
with  diffusing  principles  inconsistent  with,  and  sapping  the  grounds  of,  belief  in  the 
following  articles  of  the  Christian  faith:  ‘the  Resurrection  of  the  Botiy,'  tho  ‘Trinity,’ 
and  the  * Incarnation  of  Our  Saviour.’  It  is  in  reference  to  the  first  article  that  the 
antagonism  of  * evolution  * and  ‘epigenesis'  curiously  comes  in.  Stillinsflect,  con- 
tending for  the  dogma  of  the  ‘ same  bcxly.’  again.st  the  objection  of  the  transitory  slat© 
of  its  particles  during  life,  aflinnc<l  that  ‘every  seed  hm}  that  body  in  little  which  is 
afterwards  so  much  enlarged.’  and  in  proof  that  ‘it  hath  its  prop«T  oiganical  part.s, 
which  makes  it  the  same  bo<ly  with  that  which  it  grows  up  to,  (Ih.  p.  40).  refers  to 
* certain  m^/st  accurate  ob.servations  whereby  these  seminal  parts  are  di.<^emod  in 
them,  which  afterwards  grow  up  to  that  b<xly  which  we  call  ^rn.’ 

To  which  Lot‘ke  replied:  “ If  that  could  so,  and  that  the  plant  in  its  full  growth 
at  harvest,  increase<l  by  a thousand  or  a million  of  times  as  much  new  matter  added 
to  it  as  it  bail,  when  it  lay,  in  little,  concealed  in  the  grain  that  was  sown,  was  tho 
very  same  body ; yet  to  say  that  every  minute  grain  of  the  hundred  grains  contaimsl 
in  that  little  organised  seminal  plant  is  every  one  of  them  the  very  same  with  that  grain 
which  contains  that  whole  little  seminal  plant,  and  all  those  invisible  grains  in  it,  is 
to  say  that  one  grain  is  the  same  with  an  hundred,  and  one  hundml  distinct  grains 
the  same  with  one;  which  1 .shall  be  able  to  as.sent  to,  when  I can  conceive  that  all 
the  wheat  in  the  world  is  but  one  grain.”  (‘Second  Reply  to  the  Bp.  of  Worcestet’ 
in  txcxxxvi".  vol.  i.  p.  658.) 

The  chief  point  of  interest,  here,  is  to  note  how  the  latest  movement  in  Science  is 
presHoil  into  questions  of  theological  dogma.  The  newly  established  ‘ Philosojphical 
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subject,  were  it  not  that  ghosts  of  ‘ pre-existence  ’ and  ‘ evolution  ’ 
still  haunt  some  chambei's  of  the  physiological  mansion,  and  even 
exercise,  to  many,  perhaps,  an  unsuspected,  sway  over  certain 
biological  problems. 

Although  in  the  Debates  of  1830,  the  question  of  ‘ Pre- 
existence  of  Genns,’  was  the  sole  one  in  which,  as  applied  to 
Embryogeny,  1 held  with  Geotfroy  Saintr Hilaire,  I remained 
the  thrall  of  that  dogma  in  regard  to  the  origin  of  single-celled 
organisms,  whether  in  or  out  of  body.‘  Every  result  of  formifac- 
tion  I believed,  with  most  physiologists,  to  be  the  genetic  outcome 
of  a pre-existing  ‘ cell.’  The  first  was  due  to  miraculous  interpo- 
sition and  suspension  of  ordinary  laws;  it  contained,  potentially, 
all  future  jwssible  cells.  Cell-development  exemplified  evolution 
of  pre-existing  germs,  the  progeny  of  the  primary  cell.  They 
propagated  themselves  by  self-division,  or  by  ‘ proliferation  ’ of 
minute  granules  or  atoms,  which,  when  properly  nourished,  again 
multiplied  by  self-division,  and  grew  to  the  likeness  of  the  parent- 
cells. 

Those  who  still  hold  by  this  rag  of  ‘ pre-existence  of  germs,’ 
call  all  organic  corpuscles  or  granules  ‘ cell-gemmules,’  and  main- 
tain that  they  are  transmitted,  sometimes  becoming  developed. 

Transactions’  were,  then,  giving  to  the  world  the  results  of  the  improved  Dutch  mag* 
nifying  glasses,  wtrae  of  which  results — e.g.  ‘ spermatozoa ’—wore  interprr*ed  in  a 
way  which  seemed  to  help  the  Bishop’s  view  of  the  resurrection  and  hia  interpretatiou 
of  the  texts,  1 Cor.  xv.  37-40.  I quote  Locke's  remark  for  its  historical  int«uv«t  in 
hlicroscopic  Anatomy : — * It  does  not  appear,  by  any  thing  I cun  Und  in  this  text, 

St.  Paul  here  compjirod  the  lK>dy  pnxluced,  with  the  seminal  and  organical  ports  con- 
tained in  the  grain  it  sprung  from,  but  with  the  whole  sensible  grain  that  was  sown. 
Microscopes  hud  not  then  discovered  the  little  embryo  plant  in  the  seed;  and  su|.w 
posing  it  should  have  been  rovealtxl  to  St.  Paul  (though  in  the  Scripture  we  find  Uule 
revelation  of  natural  philosophy),  yet  an  at^imeut  taken  from  a thing  perfectU  un- 
known to  the  Corinthians,  whom  ho  writ  to,  could  be  of  no  manner  of  use  U>  them, 
nor  serve  at  all  either  to  instruct  or  convince  them.  But  granting  that  those  St,  Paul 
writ  to  knew  as  well  as  Mr.  Leweuhoi’ke ; yet  your  Lordship  thereby  provt*«  not  the 
raising  of  Ibo  same  l>ody,*  &c. 

In  fact  Locke,  having  been  driven  by  the  Bishop  to  look  into  the  Scriptmul  grounds 
of  that  article  of  a progressively  developed  theological  summary  or  • creed,’  which  he 
was  charged  by  Stillingfleet  with  undermining,  replied : ‘I  must  not  part  with  this 
article  of  the  resurrection,  without  returning  my  thanks  to  ymir  Lordship  for  making 
me  tike  notice  of  a fault  in  my  “I’lssay.”  When  I writ  that  Ixxjk,  I took  it  fi>r  granted, 
as  I douV)t  not  but  many  others  have  done,  that  the  Scripture  had  mentioneil  in  ex- 
press terms,  *' the  resurrection  of  the  body;"  but  upon  the  occasion  your  Lordahip 
lias  given  me  in  your  last  letter  to  look  a little  more  narrowly  into  what  revelation 
has  declared  concerning  the  resurrection,  and  finding  no  such  express  words  in  the 
Scripture,  as  that  *'  the  body  shall  rise  or  be  raised,  or  the  resurrectitm  of  the  bo»iv,** 
I shall  in  the  next  edition  of  it  change  these  words  of  my  book,  “ the  dead  l*o^li«  of 
men  shall  rise,"  into  these  of  Scripture,  “ the  dead  shall  rise.**’  (Essay,  R it.  c.  l.<t. 
I 7.  and  occxxxvi",  vol.  i.  p.  GC8.)  ' ccxux.  cxui. 
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sometimes  lying  dormant  from  generation  to  generation,  indepen- 
dent, autonomous,  pre-existing  from  their  primal  miraculous  crea- 
tion, as  descendants,  like  all  higher  forms  of  life  ‘of  that  one  form 
of  “ Natural  Selection”  into  which  life  was  first  breathed.’  Darwin 
grafts  upon  this  modification  of  the  old  evolutional  dogma ' his 
provisional  hyi)othesis  of  ‘ Pangenesis.’  (cccviii".) 

In  like  manner  the  Evolutionists  hold  that  every  single-celled 
organism,  torule,  organic  molecule,  out  of  the  body,  arises  from  a 
j)re-existent  germ ; and  that  such  germs  abound  in  the  air,  in 
the  waters,  or  wherever  any  forms  of  living  matter  may  happen 
to  make  their  appearance. 

‘ SliidWng  under  this  belief  the  phenomena  described  in  cxLii.,  I was  led  to  regard 
all  ‘ cells'  or  organic  units  concerned  in  development  and  repair  as  the  progeny  of  the 
primary  germ-cell  in  the  ovarium  of  the  mother,  and  to  bo  in  thiit  sense  ■ derivative.' 
Save  in  the  case  of  the  hypothetical  primordial  created  unit,  such  primary  ovarian 
cell  in  the  Aphu  and  all  sexual  organisms  I regarded  as  impregnated.  The  derivative 
colls  or  organic  units  propagated  themsolvcs  independently  of  direct  sexual  inter- 
course; but,  that  they  should  not  bo  remotely  or  indirectly  related  to  the  act  by  which 
their  seat,  the  developed  organism,  came  to  be, — in  which  organism,  or  its  partheno- 

gcnotically  propagated  offspring,  the  ‘ cells ' subsequently  were  formed, was  to  me 

inconceivable  on  the  then  accepted  hypothesis  of  ‘ pre-exislciiee  of  germs'  or  ‘omnis 
cellula  e cellulA.’  Mr.  Darwin,  however,  opposes  to  the  above  view  the  remark,  “ My 
gemmules”  ( = my  germ-cells)  "are  supposi-d  to  be  formed  quite  independently  of 
nexu.-U  intercourse,  by  each  separate  cell  or  unit  throughout  the  body.”  (cccviil".  ii.  p. 
375.)  Vet,  his  provisional  hypothesis  of  • jiangenesis'  assumes  that  they  (‘cells,’  ‘cell- 
gemmulea," units')  "are  transmitted  from  the  parents  to  the  offspring"  (ib.).  But  how 
BO  (in  sexual  sjiecios),  save  as  the  progeny  or  outcome  of  the  primary  impregnated  gemi- 
cell  in  the  mother,  whence  all  subsequent  development  and  cell-generation  radiated? 

Take  any  case  in  ccxtviii".,  which  ‘ Pangenesis'  is  propounded  to  explain and  all  the 

given  instances  of  varieties,  malformations,  &c.,  are  from  sexual  organisms— as  cq;. 
‘ when  a stag  is  castrated  the  gemmules  derived  from  the  antlers  of  his  progenitom 
quite  fail  to  be  developed.'  (Ib.  ii.  p.  399):  to  each  I should  reply  as  to  this  case:— .Such 
slag  first  existed  as  an  impregnaU-d  unit  in  tho  oviducal  ovum  of  the  mother.  By  the 
‘ sp^jiitanisius  fi.ssion'  or  ‘ cleavage  process’  it  mast  have  existed  ns  a mass  of  impreg- 
naUxl  gemmules.  Assuming,  with  Mr.  Darwin,  that  some  of  these  gemmules  were 
derived  from  the  antlers  of  its  parent,  yet  they  arc  not  leas  the  progeny  of  the  primarv 
germ-cell  which  was  fanned  within  tho  ovarium  of  the  female  and  was  fertilised  by  the 
male.  It  may  be  a defect  of  power ; but  I fail,  afte  r every  endeavour,  U)  appreciate  the 
'fundamental  difference’  between  Mr.  Darwin’s  cell-hyjsithesis  of  l.StiSand  mine  of  1SI9 
(CXLII.  p.  5-8).  Both  of  them  1 now  regard  as  fundamentally  erroneous  ; in  so  fur  as 
they  arc  absolutely  Uased  on  ‘ pre-existence  ’ — or  ‘ omnis  cellula,’  &c.  No  doubt,  many 
cells  or  organic  units  are  derived  from  pre-existing  cells  (vol.  i.  p.  625):  the  pheno- 
menon of  the  pale  or  granulated  blood-cells  which  suggested  to  me.  in  1838.  the  idm  of 
the  genetic  mesle  of  formation  of  the  ordinary  bhxxl-discs,  is  a true  phenomenon  : but 
such  mode  of  formation  is  subordiuate  to  a wider  law.  Umler  given  conditions 
luatU-r  in  solution  aggregates  and  shows  form ; if  inorganic  as  ‘ crystal,’  if  organic  as 
■ spherule’:  in  the  one  the  process  is  terrae<l  'crystallization,'  in  the  other  ‘ formifac- 
tiou.’  If  the  largo  ‘pale  cell’  was  first  filled  by  fluid  holding  organic  matter  in 
solution,  the  smaller  granules  or  atoms  it  subsequently  discharged  might  be  the  ri-sult 
of  ‘ formifaction  ’:  it  is  at  least  a more  simple,  and  I believe  truer,  idea  of  their  origin 
than  tluit  which  ascribi'a  such  origin  to  a mysterious  genetic  act  under  the  name  of 
‘proliferation.’ — (cxxrviii”.  vol.  ii.  p.  374.) 
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§ 428.  Nomogenif  ' or  Thnumatogeny  f * — The  French  Academv 
of  Sciences  was  the  field  of  discussion  and  debate,  from  1861  to 
1864,  between  the  ‘Evolutionists’  holding  the  doctrine  of  pri- 
mary life  by  miracle,  and  the  ‘ EpigenesLsts  ’ who  try  to  show 
that  the  phenomena  are  due  to  the  operation  of  existing  law. 
The  analogy  of  the  discussion  between  Pasteur  and  Pouchet,  and 
that  between  Cuvier  and  Geoffrey,  is  curiously  close.  Besides 
the  superiority  in  fact  and  argument,  Pasteur,  like  Cuvier,  had 
the  advantage  of  subserving  the  preiwssessions  of  the  ‘ party  of 
order’  and  the  needs  of  theology.  The  justice  of  Jamiu’s  sum- 
m.ary,*  awarding  to  the  chemist  the  p.alm  of  suj)crior  care  and 
skill  both  in  devising  and  performing  the  experiments,  and  ex- 
posing the  inferiority  of  the  physiologist  in  polemical  ability  and 
coolness  of  argumentation,  cannot  be  denied.  Nevertheless, 
Pouchet,  is  rapidly  acquiring,  in  reference  to  the  origin  of  monads, 
that  j)osition  which  Geoffrey  Saint-IIilaire  has  taken  in  reganl 
to  the  origin  of  species.  It  is  a suggestive  and  instructive  fact 
in  the  philosophy  of  mind  and  the  history  of  progress. 

Some  rare  instances,  in  every  generation,  are  gifted  with  the 
faculty  of  discerning  the  light  of  truth  through  all  obstruction  : 
when  its  glimmer  is  of  the  feeblest  their  brain  resjx)nslvely 
vibrates  through  a barrier  of  beliefs,  prepossessions,  precise  logic, 
across  thickets  of  facts  deemed  to  be  rightly  understood,  athwart 
accepted  ‘ laws  ’ and  principles,  organised  corps  of  the  soldiers  of 
science,  public  opinion,  &e. ; and  these  men  never  know  when 
they  are  beaten  and  put  out  of  court : happily,  against  all  hin- 
drance, they  persist — ‘ ’c pur  si  muove' 

Pasteur  by  an  ingeniously  devised  apparatus,*  collected  atoms 
in  the  atmosphere,  and  described  and  figured  them  as  examjdes  of 
‘ organised  corpuscles,’  ‘ globules,’  or  the  ‘ germs  ’ of  living  things, 
there  floating.*  In  a solution  of  organic  matter,  otherwise  unfit 
for  the  development  of  life,  the  addition  of  some  of  these  germs 
was  followed  by  the  appearance,  in  abundance,  of  its  simple  forms. 

To  the  conclusion  that  the  monads  were  the  consequence,  not 
merely  the  sequence,  of  the  ‘ ensemcncement,’  it  can  be  objected 
that  the  atmospheric  atoms  figured*  are  not  like  the  observed 
formified  corpuscles  by  which  bactcriums  have  been  seen  to  be 

• law,  root  of  to  'become,*  or  come  into  being. 

• miracle.  y4w. 

■ ccQXWiv'*.  pp.  -143.  • ccent".  p.  25,  PI.  I.  fig.  1,  • Ib.  Pi.  I.  figs.  2_9. 

• Ib.  “quelquon  corpuscle*  organises.** — p.  28,  PI.  1.  flgu.  2.  3,  4 ^*tout*4»fait 
Homblable*  k il**#  germes  ci’orgnniamee  inft^rieupee.’* — p,  37.  Of  the  rarioun  well- 
markwl  f«»rms  of  ova  or  germs  of  lower  organi»ra.s,  I know  not  any  recognisable  iu  the 
figures  above  cited. 
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built  up;  and,  that  the  chemical  treatment  to  which  they  had  been 
subject,  in  their  extraction  from  the  atmosphere,  would  be  likely 
to  destroy  the  vitality  of  fecund  germs,  if  any  were  present.  To 
the  alleged  absence  of  any  organisms  in  the  experiments  which 
were  calculated  to  exclude  extraneous  germs,  and  to  unfit  the 
infusion  for  the  development  of  any  it  might  contain,  the  graver 
objection  applies,  that  the  microscopic  power  employed  by  Pas- 
teur in  their  search  was  insufficient.  Dr.  Child,'  in  experiments 
which  seem  to  be  as  exclusive  as  Pasteur’s,  does  obtain  bacte- 
riums,  discoverable,  at  first,  by  a power  of  1,500  diameters,  and, 
once  so  seen,  afterwards  recognisable  by  a power  of  750  diame- 
ters : whereas  Pasteur,  in  his  quest,  did  not  avail  himself  of  a 
power  exceeding  350  diameters,  and  consequently  failed  to  detect 
the  evidence  of  ‘ nomogeny,’  under  conditions  as  decisive  as  can 
be  hoped  in  an  attempt  to  prove  a negative.  Against  ‘ pan- 
spermisra,’  or  the  dogma  that  animalcules  of  infusions  come,  in- 
variably and  exclusively,  from  pre-existing  germs  falling  from 
the  air,  Pouchet  records  the  results  of  experiments,  conclusive 
or  satisfactory  from  their  simplicity  and  ease  of  repetition,  and 
freedom  from  need  of  minute,  ambiguous,  manipulatory  precau- 
tions. “ 

A glass  tube  containing  a filtered  infusion  is  placed  in  the 
middle  of  a glass  dish  containing  the  same  infusion : this  stands 
in  a wider  dish  of  water  in  which  a bell-glass  is  placed  covering 
the  vessels  with  the  infusion.  At  the  end  of  four  or  five  days 
the  tube-infusion  has  a thick  film  abounding  with  ciliate  infuso- 
ria : the  dish-infusion  has  a thin  reticulate  film  containing  only 
bacteriums  and  other  small  non-ciliate  ‘ microzoaires.’  It  is 
‘ difficult  to  sec  how  the  germs  of  the  one  kind  of  creatures  should 
have  entered  or  become  developed  in  the  one  vessel  and  entirely 
different  kinds  in  the  other.’  ’ 

I refer  the  reader  to  cccxii".  and  CCC.XXXv".  for  further  ana- 
lysis of  the  grounds  of  the  disputants,  and  proceed  to  remark, 
that  the  illustrations  of  the  process  of  development  of  a Para- 
mecium* so  closely  resemble  those  of  the  ovarian  ovum  in  Fish 
or  Mammal,  that  either  fig.  555  or  fig.  416,  vol.  i.  of  the  pre- 

' cccxu".  ’ ceex".  pp.  122,  135. 

* CCCXII*'.  p.  101:  paraphmaing  Pouchet *Si  le§  oeufs  tombaient  de  ratmo«>ph^rc, 
comme  le  pi^tcndent  les  panspermistes,  il  n*y  auriit  paa  de  raiaon  au  rnonde  qui 
p6t  fiiire  que,  dune  la  m«Sme  portion  d’air,  I'^prouvette  en  soil  constamment  rcmplie  et 
la  cuvette  jamais.  Collo-ci  mSrac,  a cause  de  sa  surface  bien  aulreraent  ^tondue, 
devrait  cn  ricolter  infiniment  plus.’— cccx".  p.  136. 

* coex".  PI.  II.  figs.  1-5,  and  cccxi".  PI.  I.  fig.  I. 
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pent  work  serves  as  well  as  those  given  by  Pouchet,  to  cxemplity 
it.  The  proligerf)U9  pelliole,  due  to  the  resolution  into  molecules 
of  the  primarily  formified  bacteriums  and  vibrios  of  infusion^, 
answers  to  the  molecular  contents  of  the  o>'isac.  In  both  instances 
the  molecules  or  granules  aggregate  into  groups  forming  spheroids 
more  opake  than  the  rest  (as  in  fig.  555,  a):  as  the  aggregation 
and  coalescence  advances  the  sphere  becomes  more  opake,  more 
definite : then  a clear  line  marks  its  inclusion  within  a membrane, 
analogous  to  a ‘ zona  pcllucida,’  and  proclaims  its  individualisation 
(as  in  ib.  b).  Next  appears  a clear  nucleus,  answering  to  the 
germinal  vesicle  (as  in  ib.  c).  Fission  of  the  nucleus  is  followed 
by  that  of  the  monad,  which  may  thus  multiply  itself  within  the 
primary  envelope  (^Chlamydomottas,  CCXLIX.  fig.  29),  like  the 
cleavage-formation  of  the  germ-mass:  ciliary  organs  are  acquired 
in  both  instances,  rotating  the  germ-mass  in  the  mammalian 
ovum,  and  extricating  the  monad  from  its  proligerous  bed ; 
whereupon  it  revolves  or  darts  along,  a free  animalcule,  in  the 
subjacent  liquor  of  the  infusion. 

In  neither  instance  is  there  any  support,  from  observation,  of 
the  derivation  of  germ-mass  or  of  monad  by  evolution  out  of  a jwc- 
existing  cell : in  both  instances  have  the  processes  of  epigenesis 
or  building  up  ab  initio  been  repeatedly  seen  and  traced.' 

In  the  case  of  the  ciliate  infusory  the  following  are  the  primarv 
or  preliminary  steps  in  the  formation  of  the  proligerous  j>ellicle, 
or  ‘ liurdach’s  mucous  layer.’  In  the  clear  filtered  inftision  a 
slightly  opalescent  appearance  precedes  the  formation  of  the 
thin  superficial  film.  This  consists  of  molecules  of  various  sizes, 
the  most  minute  testing  the  highest  powers  of  the  micmscojte. 
These  molecules  I attribute  to  the  act  of  formifactiou,  which 
in  reference  to  organic  matter  in  solution  corresponds  with  the 
crystalline  aggregation  of  mineral  matter  in  solution.  Solution 
of  organic  matter,  such  as  clear  serum  from  a blister,  enclosed  in 
‘ goldbeater’s  ’ skin  or  other  close  membrane,  and  inserted  l>e- 
iieath  the  integuinent  of  a living  Mammal — even  distilled  water 
which  so  placed  obtains  the  elements  of  formlfaction  by  endosmosis 
— show  its  results  in  the  form  of  granules,  white  blood-cells.  j>us- 
globules,  &c.  These  experiments  need  repetition  and  modification 
mainly  in  reference  to  the  objection  that  such  ‘ leucocytes  ’ might 
have  wriggled  their  way,  like  Ahxma;,  from  without,  through  the 

' cvex".  pp.  3.")2-388.  ceexi".  pp.  133-2.33.  cccxii".  pp.  121-12!>.  ixvxni".  p. 

I Old.  cccxit".  p.  074.  (XXXV p.  467  : .MaiiU'giizza  speut  sixtewu  conseeufirf  h'.>ur» 
ill  obMrviiig  this  gonewis. 
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close  te.xture  of  the  enclosing  bag.'  In  the  proligerous  pellicle  the 
larger  molecules  unite  end  to  end,  forming  bacteriums,  or  less  re- 
gularly into  masses  composing  Torulce  : these  send  out  parts  which 
become  jointed  tubes,  and  may  terminate  in  rows  of  sporules 
(Penirillium)  or  capsules  of  such  (Aspergillus).  The  bacteriums 
may,  by  further  union  and  confluence,  form  vibrios.  There  is 
much  activity,  allied  in  character  to  the  Brunonian  movements ; ’ 
which,  after  a time,  ceases,  and  the  bacteriums,  vibrios,  &c.  arc 
decomposed  to  constitute  tlie  secondary  series  of  molecules  in  and 
from  which  the  development  of  the  higher  ciliate  Infusory  takes 
place.  The  formation  of  the  proligerous  pellicle  or  ‘ secondary 
histolytic  mass  of  molecules  by  the  primary  developments  and 
resolutions  of  the  organic  material,  is  analogous  to  the  formation 
of  the  germ-mass,  in  ovo,  by  the  successive  spontaneous  flssions, 
assimilations,  and  ultimate  coalescence  of  the  progeny  of  the  origi- 
nal germinal  cell. 

To  meet  the  inevitable  question  of  ‘ MHience  the  first  organic 
matter  ? ’ the  Nomogenist  is  reduced  to  enumerate  the  e.xisting  ele- 
ments into  which  the  sim])lest  living  jelly  (Protogenes  of  Ha;ckel) 
or  sarcode  (Amaba)  is  resolvable,  and  to  contrast  the  degree  of 
probability  of  such  elements  combining,  under  unknown  condi- 
tions, ns  the  first  step  in  the  resolution  of  other  forces  into  vital 
force,  with  the  degree  of  probability  remaining,  after  the  obser- 
vations above  recorded,  of  the  interposition  of  a miraculous  power 
associating  those  elements  into  living  germs,  or  forms  with  powers 
of  propagating  their  kind  to  all  time,  ns  the  sole  condition  of 
their  ubiquitous  manifestation,  in  the  absence  of  any  secondary 
law  thereto  ordained. 

In  this,  the  last  general  summary  of  work  which  I am  likely 
to  find  time  to  complete,  the  expression  of  belief  on  one  or  two 
jioiuts  where  proof  is  wanting  may  be  condoned.  The  chance 
of  its  being  a hel]>,  or  encouragement,  to  any  younger,  more 
vigorous,  mind,  bent  upon  grappling  with  such  problems, outweighs 
any  autici{iation  of  trouble  consequent  upon  the  avowal. 

It  seems  to  me,  then,  more  consistent  with  the  present  phase  of 
dynamical  science  and  the  observed  gradations  of  living  things,  to 
suppose  that  sarcode  or  the  ‘ jirotogcnal  ’ jelly-speck  should  be 
formablc  through  concurrence  of  conditions  favouring  such  com- 
bination of  their  elements  and  involving  a change  of  force  produc- 
tive of  their  contractions  and  extensions,  molecular  attractions 
and  repulsions — and  that  sarcode  has  so  become,  from  the  period 

' ccxTii".  • crxTiii'',  p.  470,  in  all  organic  molecules,  licing  or  dead. 

’ cccxxxv",  p.  10. 

VOL.  III.  3 G 
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when  its  irrelative  repetitions  resulted  in  the  vast  indefinite  masses 
of  ‘ eozoon,’  exemplifying  the  earliest  process  of  ‘ formifaction  ’ or 
organic  crystallisation — than  that  all  existing  sarcodes  or  ‘ proto- 
genes  ’ are  the  result  of  genetic  descent  from  a germ  or  cell  due 
to  a primary  act  of  miraculous  interposition. 

Some,  accepting  the  latter  alternative,  teach  that,  while  gene- 
rations of  the  first-created  sarcode  have  descended  to  us  unchanged 
from  the  period  of  the  Laurentian  limestone,  other  sarcodal  aff- 
spring  have  developed  and  improved,  or  have  been  selected,  into  all 
higher  forms  of  living  beings.  I prefer,  however,  while  indulging 
in  such  speculations,  to  consider  the  various  daily  nomogeneously 
developed  forms  of  j)rotozoal  or  protistal  jellies,  sarcodes  and 
single-celled  organisms,  to  have  been  as  many  roots  from  which 
the  higher  grades  have  ramified,  than  that  the  origin  of  the  whole 
organic  creation  is  to  be  referred,  as  the  Egyptian  priests  did  that 
of  the  universe,  to  a single  Egg. 

Amber  or  steel  when  magnetised  seem  to  exercise  ‘ selection  ’ : 
they  do  not  attract  all  substances  alike.  To  the  suitable  ones  at 
due  distance  they  tend  to  move ; but,  through  density  of  consti- 
tution, cannot  outstretch  thereto  ; so  they  draw  the  ‘ attracted  ’ 
substance  to  themselves.  If  the  amber  be  not  rubl>ed,  or  the 
steel  bar  otherwise  magnetised,  they  are  ‘ dead  ’ to  such  power. 
The  movement  of  a free  bf>dy  to  a magnet  has  always  excited  in- 
terest, often  wonder,  from  its  analogy  to  the  self-motion  so  com- 
mon and  apparently  peculiar  to  ‘ life.’ 

A speck  of  protogenal  jelly  or  of  sarct>de,  if  alive,  shows  ana- 
logous relations  to  certain  substances : but  the  soft  yielding  tissue 
allows  the  part  next  the  attractive  matter  to  move  thereto,  and 
then  by  retraction  to  draw  such  matter  into  the  sarcodal  ma.ss, 
which  overspreads,  dissolves,  and  assimilates  it.  We  say  that  the 
Protog files  or  Anueba  has  extended  a ‘ pseudopod,’  has  seized  its 
prey,  has  drawn  it  in,  swallowe<l,  and  digested  it.  No  ‘ oigans,’ 
however,  are  recognisable ; neither  muscle,  mouth,  nor  stomach. 

If  the  portion  of  iron  attracted  by  the  magnet  became  blended 
with  the  substance  of  its  attractor,  the  analogy  thereto  of  the  act 
of  the  aba;ma  would  be,  perhaps,  closer,  more  just,  than  that 
other  analogy  which  is  ex[)ressed  by  terms  borrowed  from  tlie 
procedure  of  higher  organisms. 

From  certain  knowledge  of  the  homogeneous,  by  some  tcrmetl 
‘ unorganised,’  texture  of  Protogenes  and  Abeema,  we  cannot  pre- 
dicate of  their  having  sensation  or  exercising  volition.  Given 
‘ life  ’ and  suitable  organic  substance  at  due  distances,  the  act  of 
making  contact  seems  as  inevitable,  as  independent  of  any  voli- 
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tion  of  the  abxma,  as  in  the  case  of  amber  or  steel,  given  ‘ mag- 
netisation’ and  attractable  substances  at  due  distance. 

The  term  ‘ living,’  in  the  one  case,  is  correlative  ■with  the  term 
‘ magnetic  ’ in  the  other.  Devitalise  the  sarcode,  unmagnctise 
the  steel,  and  both  cease  to  manifest  their  respective  vital  or 
magnetic  phenomena.  In  that  respect  both  are  ‘ defunct.’  Only 
the  steel  resists  much  longer  the  surrounding  decomposing 
agencies. 

A man  perceives  a ripe  fruit ; if  he  can  and  will,  he  stretches 
out  his  hand,  plucks,  brings  to  his  mouth,  masticates,  swallows, 
and  digests  it. 

The  question  then  arises  whether  the  difference  between  such 
series  of  actions  in  the  man  and  the  attractive  and  assimilative 
movements  of  the  amseba,  be  less  or  greater,  than  the  difference 
between  these  acts  of  the  amaeba  and  the  attracting  and  retain- 
ing acta  of  the  magnet. 

More  may  be  said  on  both  questions  than  I have  here  space  for ; 
but,  when  all  is  said,  the  question,  1 thiuk,  may  be  put  with  some 
confidence  as  to  the  quality  of  the  ultimate  reply  and  the  affinity 
to  truth,  and  liberty  to  accept  it,  in  the  equal  respondent,  viz., 
whether  the  ama:bal  phenomena  are  so  much  more  different,  or  so 
essentially  different,  from  the  magnetic  phenomena  than  they  are 
from  the  mammalian  phenomena,  as  to  necessitate  the  invocation 
of  a special  miracle  for  their  manifestation  ? 

Magnetie  phenomena  are  sufficiently  wonderful,  exemplifying, 
as  they  do,  one  of  those  subtle,  interchangeable,  may  we  not  say 
‘ immaterial,’  modes  of  force  which  endows  the  metal  with  the 
power  of  attracting,  selecting,  and  making  to  move  a substance 
extraneous  to  itself.  It  is  analogically  conceivable  that  the 
same  Cause  which  has  endowed  Ilis  world  wdth  jiower  conver- 
tible into  magnetic,  electric,  thermotic  and  other  forms  or  modes 
of  force,  has  also  added  the  conditions  of  conversion  into  the  vital 
mode. 

Nerve-force  we  know  to  be  convertible  into  electric  energy, 
and  reciprocally  : and  from  the  electric  force,  so  induced,  magnetic 
and  other  modes  have  been  derived  (vol.  i.  p.  357).  The  direc- 
tion, then,  in  %vhich  may  be  anticipated  the  replies  to  the  ulti- 
mate que.stion,  will  be  toward  an  admission  of  the  originating 
and  vitalising  of  the  primary  jelly-speck  or  sarcode-graniilc,  by 
tbe  operation  of  a change  of  force  forming  part  of  the  constitution 
of  Kosmos ; not  contrary  to  its  ordained  laws,  in  the  sense  in 
which ‘miracle’ or  the  ‘ interpo.sition  of  special  creative  act,’ is 
rightly  understood. 
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But  from  protozoa,'  or  protista,  to  plants  and  animals,  the  gra- 
dation is  closer  than  from  magnetised  iron  to  vitalised  sarcode. 
From  reflex  acts  of  the  nervous  system  animals  rise  to  sentient 
and  volitional  ones. 

And  yvith  that  ascent  are  associated  brain-centres  progressive! v 
increasing  in  size  and  complexity.  Arrest  the  development  of 
the  human  brain  at  the  point  it  has  reached  in  the  ‘ Aztec,’  and 
the  faculty  of  generalising  and  giving  expression  to  such  gene- 
ralisations is  Tvanting.  The  Aztecs  can  articulate  yvords,  and 
apply  the  right  noun  to  the  thing,  as  e.g.  ‘ bread,’  ‘chair;  ’ but 
they  cannot  combine  ideas  into  propositions  and  say  ‘ give  me 
bread,’  ‘ set  me  the  chair.’ 

For  such  advance  in  intellectual  acts  more  brain  is  essential. 
Comp>ared  yvith  the  normal  state  of  brains  in  the  brutes  best 
endoyved,  so  much  more  cerebral  substance  is  required,  and  in 
such  position,  as  to  make  the  great  and  sudden  rise,  in  the  loyvest 
grades  of  man,  yvhich  is  referred  to  in  p.  144. 

Thought  relates  to  the  ‘ brain  ’ of  man  as  does  electricity  to  the 
nervous  ‘ battery  ’ of  the  torpedo:  both  are  forms  of  force,  and 
the  results  of  action  of  their  respective  organs. 

Each  sensation  affects  a cerebral  fibre,  and  in  so  affecting  it. 
gives  it  the  faculty  of  repeating  the  action,  yvherein  memory  con- 
sists, and  sensation  in  a dream. 

A dog  at  the  sight  of  a rabbit  receives  a sensation  yvhich  in- 
duces a volition,  and  he  barks  yvith  the  excitement  of  the  chase. 
He  sleeps,  and  by  suppressed  barking  and  agitation  of  limbs 
reveals  the  fact  that  he  dreams.  Shall  yve  obtain  any  further 
insight  into  the  nature  of  the  act  or  acts  resulting  in  this  sensa- 
tion, memory,  dreamy  imagination,  by  saying  that  the  perception 
of  the  rabbit  re.aches  the  ‘ soul  ’ of  the  dog  by  the  aff’ectiou  of  its 
cerebral  fibres?  Is  the  ‘ soul  ’ of  the  dtig  other  than  the  j>er- 
sonified  sum  of  his  psychological  manifestations? 

The  ‘ sight  ’ of  the  dog  is  its  faculty  of  vision,  the  * soul  ’ of 
a dog  is  its  poyver  of  knoyving  yvhat  it  sees  and  determining  ac- 
cordingly : it  may  approach  the  object  yvith  every  manifestation 
of  sentiments  of  gladness  and  submissive  affection : it  may  rush 
uiK>n  it  yvith  every  sign  of  rage:  it  may  pursue  it  yvith  every 
mark  of  excited  ardour. 

And  these  mental  activities  can  only  go  on  for  a time:  the 
yvaste  thereby  occasioned  of  fibre  and  of  poyver  calls  for  reno- 


* This  is  the  as  wrll  as  older  term  : bcinjij  understood  as  * life*  generi> 

rally,  anti  U‘fore  derelopmenr  has  differcotiatnl  its  mnuifestations  into  unambisaous 
* vegetal  ‘ and  * animal  * rooyles. 
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vation,  and  this  for  repose,  of  the  mental  organ.  In  sleep  the 
eyes  close  and  sight  goes;  what  then  happens  to  the  brain- 
fibres  we  cannot  see  nor  tell : but  the  sum  of  action  called 
‘ soul  ’ ceases.  Deep  sleep  is  utter  unconsciousness  to  Dog  and 
Man.  The  initial  steps,  and  partial  resumptions,  of  brain-action 
are  ‘ dreams  ’ ; the  awakening  one  issuing,  often  suddenly,  in  the 
full  blaze  of  consciousness. 

I am  most  averse  to  travel  beyond  my  proper  province ; but 
a general  physiological  conclusion  from  the  phenomena  of  the 
nervous  system  Inevitably  brings  on  collision  with  a dogmatic 
affirmation  or  definition  of  the  cause  of  the  highest  class  of  those 
phenomena  instilled  as  an  article  of  religious  faith  into  fellow- 
Christians,  and  on  which  is  based  their  mode  of  thought  affecting 
dearest  hopes  and  highest  aspirations.  It  must  be  repugnant  to 
any  good  man’s  feelings  to  say  aught  that  may  unsettle  such 
mode  of  thought,  though  he  knows  that  what  he  has  to  impart 
lends  truer  and  better  support  to  both  the  faith  and  the  hope. 

If  the  hypothesis  that  an  abstract  entity  produces  psycho- 
logical phenomena  by  playing  upon  the  brain  as  a musician  upon 
his  instrument,  producing  bad  music  when  the  fibres  or  cords  are 
out  of  tune,  be  rejected,  and  these  phenomena  be  held  to  be  the 
result  of  cerebral  actions,  an  objection  is  made  that  the  latter 
view  is  ‘ materialistic  ’ and  adverse  to  the  notion  of  an  inde- 
pendent, indivisible,  ‘ immaterial,’  mental  principle  or  soul. 

What  ‘ materialistic  ’ means  in  the  mind  of  the  objector  I 
nowhere  find  intelligibly  laid  down  ; but  it  is  generally  felt  to  be 
something  objectionable,  ‘inconsistent  with,  or  shaking  the  founda- 
tions of  an  article  of  faith,’  as  Stillingfleet  would  have  said. 

To  this  I repeat  Locke’s  answer,  that  m3’  faith  in  a future  life 
and  the  resurrection  of  the  dead  rests  on  the  grounds  of  their 
being  parts  of  a divine  revelation. 

If  I mistake  not,  present  knowledge  of  the  way  in  which  we 
derive  ideas  of  an  outer  world  helps  to  a more  intelligible  con- 
ception of  ‘ matter,’  ‘ substance,’  ‘ immateri.ality,’  &c.  than  could 
be  framed  by  patristic  and  medieval  theolog3'.  To  make  intelli- 
gible my  own  ideas  in  this  subject,  which  the  anticipated  imputa- 
tion draws  from  me,  I would  put  a case  and  ask  a question. 

When  Saul  at  Endor  “ jierceived  that  it  teas  Samuel,”*  lines 
of  force,  as  ‘ luminous  undulations,’  struck  upon  his  retina. 
Qu.  Were  the  centres  whence  they  diverged  to  produce  the  idea 
of  the  dead  Prophet  ‘ material  ’ or  ‘ immaterial  ’ ? 

Other  lines  of  foree,  undulated  in  another  manner,  from 

* 1 Sam.  xxTiii.  14. 
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centres,  producing  the  ideas  of  the  dead  man’s  speech : — “ "WTi y 
hast  thou  disquieted  me,  to  bring  me  up?”'  Qu.  Were  the 
centres  radiating  these  acoustic  lines  of  force  material  or  spiritual  ? 

Substitute  the  living  for  the  dead  Prophet,  and  it  mU  be  said 
that  the  points  whence  the  rays  of  light  converged  to  produce  his 
image  in  the  beholder  are  ‘ material  ’ because  ‘ tangible ; ’ in  the 
case  of  the  ‘ spirit  of  Samuel  ’ not.  Had  Saul  stretched  forth  his 
hand  to  grasp  the  vision  it  would  have  met  no  resistance.  Let 
us,  then,  analyse  the  sensations  from  tangible  lines  of  force.  I 
stretch  forth  the  sum  of  forces  called  ‘ hand,’  and  exercise  part  of 
them  in  a way  and  direction  called  ‘ pressure,’  deriving  the  sense 
or  idea  of  such  act  by  my  lines  of  force  being  opposed  by  other 
lines  of  force.  To  the  extent  to  which  my  forces  overcome  the 
opposing  forces,  I have  an  idea  of  a something  giving  way;  when 
my  lines  of  force  are  overcome  by  the  opposite  lines  of  force,  I 
have  the  idea  of  a hard  or  resisting  surface.  But  all  that  I 
know,  after  ultimate  analysis,  is  the  meeting  of  opposite  forces ; 
of  the  centres  respectively  radiating  such  force  I know  nothing ; 
and  if  I did  or  could  know  anything  I cannot  conceive  that  I 
should  get  a clearer  idea  of  ‘ touch  ’ than  as  a relation  of  certain 
lines  of  force  acting  from  centres,  which  may  as  well  be  ‘ im- 
material ’ as  ‘ material  ’ for  any  intelligible  notion  I can  frame  of 
those  verbal  sounds. 

If  a blade  of  metal  could  move  itself  to  and  fro  in  striving  to 
cleave  the  space  between  excited  electro-magnetic  poles,  and 
could  tell  us  its  sensations,  they  would  be  those  of  sawing  its  way 
through  a substance  like  cheese  ; but  there  is  no  visible  impedi- 
ment: nor,  were  luminous  undulations  to  vibrate  from  the  hin- 
drance as  from  the  plane  of  force  resisting  the  pressing  finger, 
would  the  hindrance  be  less  ‘ immaterial.’  Similarly,  if  lines  of 
thought-force  were  visible,  the  ‘ ghost’  would  not  on  that  account 
be  more  ‘ material.’ 

The  ideas  excited  by  the  act  of  pressure  are  those  of  the  ‘ ex- 
ertion of  force  ’ and  the  ‘ resistance  of  force  ; ’ if  these  ideas  be 
analysed  they  Include  those  of  the  direction  of  force  in  lines  from 
centres  or  points.  Further  than  this,  my  mind,  or  thinking  faculty, 
cannot  go ; i.  e.  can  have  no  clear  ideas ; I cannot  feel  that  I 
know  more  about  the  matter  by  calling  the  ‘ centres  of  force  ’ 

‘ material  atoms  ’ or  ‘ immaterial  points,’  and  am  resigned  to  rest 
at  a point  beyond  which  Faraday’  did  not  see  his  way. 

Having  evidence  of  the  opposing  force  acting  in  lines  from  cen- 
tres distinct  from  and  outside  of  those  volitional  centres  called 
‘ 1 Sum.  xxriii,  15.  ’ cccxxxvii."  p.  119. 
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‘ ego,’  the  sensation  is  sufficient  for  my  belief  that  it  is  due  to  the 
reaction  of  lines  of  force  from  outside-centres  upon  lines  of  force 
put  into  action  from  inside-centres.  But  I have  no  ground  for 
calling  the  one  ‘ material,’  and  the  other  ‘ immaterial,’  or  either, 
or  both.  The  same  result  has  followed  my  attempts  to  analyse 
all  sensations  and  volitions,  i.  e.  1 know  of  nothing  outside 
myself  of  which  I can  have  any  clearer  knowledge  by  calling  it 
‘ material,’  than  I have  of  that  which  originates  force  from  witliin 
myself,  by  calling  it  an  ‘ immaterial  ’ entity,  mental  principle,  or 
soul. 

But,  so  it  is ; in  the  endeavour  to  clearly  comprehend  and 
explain  the  functions  of  the  combination  of  forces  called  ‘ brain,’ 
the  physiologist  is  hindered  and  troubled  by  the  views  of  the 
nature  of  those  cerebral  forces  which  the  needs  of  dogmatic 
theology  have  imposed  on  mankind. 

I low  long  physiologists  would  have  entertained  the  notion  of 
a ‘ life,’  or  ‘ vital  principle,’  as  a distinct  entity,  if  freed  from  this 
baneful  influence,  may  be  questioned ; but  it  can  be  truly  affirmed 
that  physiology  has  now  established,  and  does  accept,  the  truth 
of  that  statement  of  Locke — ‘ the  life,  whether  of  a material  or 
immaterial  substance,  is  not  the  substance  itself,  but  an  affection 
of  it,’ ' Religion,  pure  and  undefiled,  can  best  answer,  how  far 
it  is  righteous  or  just  to  charge  a neighbour  with  being  un- 
sound in  his  principles  who  bolds  the  term  ‘ life  ’ to  be  a sound 

• cccxTxvf.  rol.  i.  p.  761.  As  the  authority  of  a PhysioU^ist  ami  late  Presitlent 
of  the  Royal  Society  may  be  cited  for  a«rribing  such  vital  phenomena  to  an  invisible 
* mental  principle/  (a)  I unwillingly  refer  to  the  remark  by  which  Sir  B.  Brodie  me«t9 
the  obvious  objection  of  the  divisibility,  without  destruction,  of  acrite  organisms It 
is  true  that  one  of  our  most  celebrated  modem  physiologists,  from  ol»scrring  the 
multiplication  of  polypi  by  the  mere  division  of  the  animal,  has  come  to  the  conclusion 
that  the  mental  principle,  which  to  our  conceptions  presents  itself  as  being  so  pre> 
eminenlly,  above  all  other  things  in  nature,  ope  and  indivisible,  is  nevertheless  itself 
divisible,  not  less  than  the  corporeal  fabric  with  which  it  is  appreciated/  (p.  115.) 
The  reader,  eager  for  new  light  and  guidance  toward  truth,  naturally  here  expects  the 
facts  and  arguments  exposing  the  weakness  or  fallacy  of  the  inference  deduced  from 
the  polype-phenomena.  The  sole  remark  is  a charge  of  that  kind  called  ' afyum/n/*tm 
ad  hi>minem*  * But  it  is  to  l)e  observed’  (proceeds  Sir  B.  B.)  ‘that,  great  as  is  the 
authority  of  Muller  generally  in  questions  of  physiolc^,  in  the  present  in.«tance  he 
is  not  quite  an  unprejudiced  witness,  inclined  as  be  is  to  the  pantheistic  theory/  &c. 
(p.  116.)  Now,  the  charge  is  untrue:  and,  were  it  otherwise,  affects  not  the  point  in 
question.  Johannes  Miiller  was  of  the  school  of  imluctive  phyeiolc^sts,  opposed  to 
Oken  and  others  of  the  school  of  Bchelling.  He  would  not  accept  even  the  ‘vertebral 
tht'nry  of  the  skull/ or  ‘general  homologies;*  but  adhered  to  the  party  of  Cuvier: 
he  lived  and  died  a sincere  member  of  the  Homan  Catholic  Church.  Brodies  notior 
of  a ‘mental  principle  * seems  to  bo  a combination  of  ‘vital  principle*  and  ‘soul/ 
and 

(a)  Brodies, Sir  B.,  ‘Psychological  i^nquiries/  12mo.  1854,  pp.  103,  115,  167. 
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expressing  the  sum  of  living  phenomena;  and  who  maintains  these 
phenomena  to  be  modes  of  force  into  which  other  forms  of  force 
have  passed,  from  potential  to  active  states,  and  reciprocallv, 
through  the  agency  of  these  sums  or  combinations  of  forces  im- 
pressing the  mind  with  the  ideas  signified  by  the  terms  ‘monad,’ 
‘ moss,’  ‘ plant,’  or  ‘ animal.’ 

If  the  physiologist  rejects  the  theological  sense  of  the  term 
‘ life,’  without  giving  cause  for  the  charge  of  unsoundness  in  re- 
ligious principles,  does  he  lay  himself  more  open  to  the  charge, 
by  rejecting,  also,  the  theologian’s  meaning  of  the  term  ‘ spirit,’  of 
the  term  ‘ soul,’  of  the  term  ‘ mind,’  and  we  might  add  of  ‘ sin  ’ or 
‘ death  ’ ? That  is  to  say,  arguments  based  upon  scriptural  ex- 
pressions of  thought-force  may  be  drawn  from  the  like  i)ersonifi- 
cations  of  the  aberrations  and  cessation  of  such  force.  Both  Poets 
and  Painters  have,  in  each  case,  endeavoured  to  realise  and  give 
shape  to  the  abstractions. 

When  doubting  Thomas  obeyed  the  Lord’s  command,  his 
fingers  met  resistance  below  what  seemed  to  him  the  surface  of  the 
side,  and,  entering  the  w’ound,  were  opposed  by  a ‘ force  ’ exceed- 
ing the  ‘ force  ’ tliey  exercised.'  The  resulting  idea  was,  that 
the  ‘ matter  ’ of  our  Lord  was  there,  but  wanting  where  the  spear 
had  penetrated;  the  fact  was  the  opposition  of  a force  by  a force, 
and  the  sensation  of  that  opposition.  We  know  of  nothing  more 
‘ material  ’ than  the  ‘ centres  of  force.’  Our  ideas  of  things  with- 
out as  within  the  ‘ ego  ’ are  the  action  and  reaction  of  forces,  as 
‘ material  ’ or  ‘ immaterial  ’ as  the  ideas  themselves. 

In  this  view  is  avoided  the  alternative  of  ‘ idealism  ’ with 
denial  of  an  external  world,  or  that  of  the  personifying  the  sum 
of  mental  j)henomena  as  an  ‘ immaterial  indestructible  soul,’  con- 
tradistinguished from  other  sums  of  forces  which  are  as  arbi- 
trarily  styled  ‘destructible  matter.’  Sleep,  stimulants,  drugs, 
disease,  concur  by  their  effects  in  testifying  that  the  kinds  and 
degrees  of  mental  manifestations  are  the  result  of  corrcsjwnding 
affections  and  changes  of  structure  of  the  brain. 

How  the  brain  works  in  producing  thought  or  soul  is  as  much 
a mystery  in  Man  as  Brutes — is  as  little  known  as  the  way  in 
which  ganglions  and  nerves  produce  the  reflex  phenomena  simu- 
lating sensation  and  volition. 

* cccxxxvi",  rol.  i,  p.  656.  The  whole  of  Locke's  * Second  Reply  * to  Bishop  Stilling' 
fleet  may  be  read,  with  profit,  in  relation  (o  the  undesigned  tcctimony  boruo  by 
Physiology  to  the  clear  good  sense  and  affinity  for  truth  in  the  Philosopher's  remarka 
on  the  relation  of  the  dogma  of  'immateriality/  'indestructibility/  and  'separability* 
of  toul,  to  a Christian's  faith  in  the  reaurrcction  of  the  dead  as  resting  on  the  giv>unds 
of  dieine  rerelatioo. 
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But  it  is  a gain  to  be  delivered  from  the  necessity  of  speculat- 
ing where  the  ‘ soul  ’ wanders  when  thought  and  self-conscious- 
ness are  suspended : or  how  it  is  to  be  disposed  of  until  the 
‘ resurrection  of  the  body,’  glorified  or  otherwise ; of  which  rein- 
tegrated sum  of  forces  ‘ soul  ’ will  then,  as  now,  he  a parcel. 
If  the  Physiologist  and  Pathologist  had  done  no  more  than 
demonstrate  ‘ the  universal  law  of  our  being’,'  which  cuts  away 
the  foundations  of  ‘ purgatory  ’ or  other  limbo,  from  the  feet  of 
those  who  trade  thereon,’  which  makes  ‘judgment’  follow  death 
without  consciousness  of  a moment’s  interval,’  they  would  deserve 
the  gratitude  of  the  Christian  world. 
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Paleotbcrc.  Blpparlon.  Eur*«. 

D«rIrat]on  of  E'luinot. 


* cccxxxvrr.  p.  306. 

* Not  to  mention  the  kindred  baser  brood  of  ‘ Spiritnalists  and  Spirit-Rapper*/ 

* For  the  importance  of  this  conriction  to  ‘practice/  see  cccxxxn''.  vol.  i.  p.  166» 

{ 63.  ‘ In  comparing  present  and  future/ 
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58.3.  601-603.  608,  613.  614-616.  619.  621,  623.  642.  673.  676. 
704-708.  711-713.  723.  748-797. 

Sub-class : OTBESCKrHAiA — n.  272  ; ni.  24,  98,  99,  lit,  128,  1 47.  604.  641. 
A.  V.-toncriATA — ii.  288,  487 ; in.  128. 

Order:  QVAURVMASA — i.  xvii.  xviii.  xx.  ixxTiii. ; u,  290.511  : in. 
52,  68,  74,  88.  fii,  98,  lU,  124,  128,  144,  147,  156,  162.  180, 
181.  187.  198.  216.  235.  2.32.  258.  261.  300.  313.  395.  429.  487. 
496.  .351,  555,  563,  566,  568,  570,  C08,  61^  672,  70I,  706,  715, 
754.  780.  78.3. — Sub  onler : Cataiiiiisa — II.  291.  517.  531.  543  ; 

III.  ilfi.  236,  2^  31^  432.  487,  496,  599,  673,  703.  746.  780 

Triig!vdytti — i.  xxxii.  xxxt. — Tr.  Oorilln,  l xix.  xxir. ; u.  291, 
523.  536-538.  .346  .353.  .372;  in.  5.3-.39.  T],  127,  138i  111,  2.36. 
317-322.  434.  582.  601.— Tr.  nigrr,  l xxxii. ; u,  27iL  5^  ^ 
535,  54A;  in.  127,  130,  131.  2.36.  317.  .321.  4.34.  582.  600,  673— 
nthcHt  satyrut — I.  xx. ; IL  272.  273.  520.  534.  .344.  55.3 ; in. 
70.  127, 131,  316,  4.34.  .336.  582,  600.  780 — Hytohatea  aynJartyluSt 

II.  291,  .320.  533.  54  4.  552 — II.  leveiaeua,  520.  544 — IL  aijUit, 

III.  .33.  71. 121,  433,  .382,  600,  746 — Colfjbua  urainua,  u.  519,513; 

> Species  marked  with  * hare  nut  beeu  anatomize.1,  or  the  poru  describnl  not  seen,  hy  Uie  anthor. 
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: QUADliUMANA — continufd. 

III.  433 — Xdsalia  larvatut,  II.  S12;  m.  216.  433,  746 — SenatojA- 
tAecixs  entdlua,  ll.  519,  533 ; ill.  432.  446 — 8.  jnelalophi*^  n.  .519 
— 5.  fasciciUarii,  iii.  433.  446 — Cercopitheau  aabtrua,  u.  533 ; 
III.  236,  433i  Mil  600.  ZM.  746— C.  ruhtr,  u.  533— C.  o/Ayu- 
laria,  u.  533— .iVoeaciM,  u ixxii. — M.  radiatua,  ii.  273.  517  ; in. 
63. 124,  126,  432 — M.  rhtaua,  ii.  517  : in.  131,  746 — .V.  iaitKw, 

II.  517.  532 — M.  aiUnua,  in.  793 — .V,  cynomoiffua^  iii.  673 — M. 
nemeatrinua,  II.  519.  533.  biZ—Cynocrphalua  porcariua,  u.  51 7. 
631,  532  ; m.  562 — C.  Sphinx,  iii.  432 — C.  Toth,  IL,  517 — Ihipie 
Mormon,  u.  517.  631  ; in.  04,  131,  316,  673.  703. — Snb-ordex : 
PuiTTBHiNA— II.  ^ ^ 51^  522  ; III.  71,  125,  ^ 31.5.  432. 
698,  672,  703.  780 — MyctUa  aenicutua,  u.  519.  ,531  ; iri.  432. 
605.  74,5.  Ti6—Ateiaa  bdzehut,  n,  273 — A.  paniacna,  n,  307,  515 
—A.  nigtr,  n.  61^  61^  ^ 643  : in.  71,  146.  187,  598  — Ctima 
Aptlla,  IL  529.  534  ; iii.  131,  315— C.  capucinaa,  u.  373,  516. 
630  ; III.  543,  598.  672.  746 — C.  hypoleacua,  n.  515 — CauiUkris 
aciureva,  u.  615,  630,  643  : III.  114,  124,  125,  129,  131,  199. 
745.  746 — C.  Spixii,  u.  515 — C.  prrsonala,  ii.  622;  iii.  59.4 
— Nocthora  trivirgata,  in.  746 — Pithtcia  chrgaocrphala,  ni.  31,5 
— Midaa  mjimanua,  il  512  ; ni.  1 14,  124,  125,  129,  131.  315. 
432 — Hapdla  jacchua,  n.  515.  629,  530,  642  : in.  129,  31.5. 
432.  598,  745,  746. — Sub-order:  Stubpsikhixa  (Sgn.  Lma- 
rid<a)—n.  290,  612 ; in.  124,  198,  216,  23^  314,  39i  1^  625. 
697,  672,  701.  780 — Taraiua  apectrum,  il  612,  528,  542  ; in.  53, 
314, 431,  682,  672—Microctbua  puaillua,  in.  199— Oro/ioMt#  craa- 
aumudaiua,  II.  612,  .542  ; in.  431.  6'2.  780 — 0.  Pcli,  n.  512  ; in. 
315.  701 — Galago  Moholi,  in.  431 — G.  ealabarimaia,  m.  431  — 
Chfirogaleua  griaeua,  il  529 — Ixmur,  l xxxt.  ; L.  Cotta,  il  512  ; 
HI.  ^ 124,  125,  130,  235,  542,  780 — L.  nigrifrona,  il  513  : in, 
619.  637 — L.  macaco,  ii.  629 : ni.  146,  582 — Z,.  Mongoa,  in.  198, 
395,  .562,  .582,  597 — L.  nigtr,  in.  199,  432— L.  aibifrema,  m.  91. 
216.  672,  702.  745 — Stcuopa  gracilia,  iL  512.  542  : in.  314.  597. 
672 — St.  tardigradua  {Loria,  syn.),  in.  195.  405.  431,  512.  .545. 
701,  702 — St.  jaoanieua,  ni.  431 — Perodklicua  potto,  n.  512. 
628.  ,541  ; ill.  198.  431.  452.  672.  701 — I'ropitheciia  diadema, 
IL  542 — Lichanotua  indri,  IL  240.  512.  515,  528.  701  — L.  lanigrr, 
n.  528 ; in.  314 — Chiromya  madagaacarknaia,  L ; il  512. 
513,  ^ 639,  641,  54^;  in.  ^ 64,  124,  12.5,  ^ ^ 2^ 
313,  314,  682.  596.  637,  672.  ISQ—Gal-opithocua  oolana  (eyn. 
rrmmiiirytii),  il  387,  393,  511,  626 ; ni.  3U,  31^  313,  369,  430, 
562.  776 — G.  PhUippinenaia,  il  612 ; in.  429,  577,  612,  657. 

: CAPyiVOBA—j.  xxxriii. ; il  288,  296.  348,  48^  5^  5U ; 

III.  1,  49,  ^ 69,  ^ 91,  11^  119,  122,  12.5,  146,  181,  197,  204, 
215,  234,  252,  300,  327.  395.  404,  442,  48.5.  49,5,  523,  548,  561, 
581.  623.  641.  668,  098,  742,  780.  783, 790— ZW«i»,  ii.  488.510: 
III.  61,  69,  11^  118,  125,  128,  m 23^  328,  330,  3^ 
370.  443,  605,  780— ZWw  Ico,  l xxTii.  362 ; IL  288,  289,  492, 
493.  504,  .505,  506.  511  ; in.  ^ JO,  198,  216,  2^  327,  328.  442. 
443,485,496,^635,582,696,641,611.  744— f.  lima,  ii. .V)5 
III.  234,  235.  523.  582.  671 — F.  Iropardua,  in.  198,  7lKI.  701  — 
F.  onca,  in.  175,  181.  198— Z’.  johata,  in.  118 — F.  caracal,  iii. 
198—/'’.  catua,  il  606j  in,  51,  UO,  117,  198,  262,  512,  596,  597. 
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Order:  CAliNIVOBA — continued. 

671.  743.  780— .VacAairorfiM,  m.  329,  339,  3^  SyS—Pterodon, 
III.  338 — Hyanodon.  iii.  339. 340,  372,  37.').  790 — Hyana  vulgaris, 
IL  4^^  III.  17L  19?i  3^  63L  780— ZT.  croeuta,  lu 

492  ; III.  329 — Vioerra  civetta,  u.  492,  602,  .509  ; iii.  637.  700 — 
r.  genetttt,  u.  510 ; ill.  637,  780 — K ribetta,  iii.  670 — Euplerts,* 
u,  610 — liassaris  astuta,  u.  610 — Herpestet  Ichneumon,  u,  6413  ; 
III.  508. 780 — H.  penicUlata,  n,  610 — H.  Mungo,  u,  603 — Bkyzma 
tetradactyla,  IL  510;  in.  444.  670 — Poradoxurus  tyjms,  u.  492  ; 
III.  331,  446.  780 — Cynogale  barhalus,  il  610;  iii.  331 — Gale- 
cynus,  II.  503 — Canidir,  u,  289.  492  ; iii.  69,  118,  197,  548.  608, 
1»0—C'anis,  in.  235,  330,  331,  332,  3^  406,  670— C.  australis, 
iL  503,  604 — C.  aureus,  u.  503 — C.  lupus,  u,  492.  603,  693 — 
C.  domesticus,  u,  296,  492,  506,  611  ; in.  118,  156,  218,  234, 
404,  405,  444,  496,  ^ 661,670,  68^  610,100,  ^ 710,  71^ 
744, 820— C.  pictus,  n,  510 — C.  rufus,  n.  492 — C.  vulpes,  n,  5M  ; 
III.  117,  118,  175,  176,  180,  637 — Pricynodon,  in.  334 — Ata- 
pkicyon,  in.  340.  372,  375 — Megalotis  Lalandii,  in.  234 — 
Mustelidee,  n.  492,  60]^  5fi9 ; iii.  234,  333,  608,  160~Mustela 
martts,  in.  49.5.  670.  744 — .V.  tibellina,  u,  491 — Putorius,  n. 
501,  609  ; in.  1 10,  129,  333 — P.  ermineus,  u.  143.  491 — P.furo, 
III.  Hi— Mephitis  zorilla,  m.  637 — Mydaus  meliceps,  n.  491. 609  ; 
III.  637 — Lutra  vulgaris,  n,  491.  601,  609  : in.  234.  235.  333, 
563.  637.  760—Enhydra,»  ni.  234,  333,  336,  445,  760— Melts 
taxus,  n.  491,  609  ; in.  23£  333,  334,  669,  760— Taxidea 

labradorea,  in.  333,  780 — Katelus  mellivorus,  u.  601,  5119 ; ni. 
700 — Arctonyx,  iii.  333 — Gulo  arcticus,  ii.  601  ; in.  238  — 
Vrsidte,  LL  490,  494,  499.  508 : in.  780 — Ursus  arctos,  n.  499  : 
III.  118,  234,  329,  33.5,  371.  595.  669 — U.  americaiius,  in.  745 
— V.  ferox,  II.  500  ; in.  143 — U.  maritimus,  u,  490,  600  ; III. 
618,  699 — U.  lahiatus,  ii,  490 — Subursidte,  II.  509 : in.  608— 
Subursus  thihetanus,  in.  197 — S.  oniatus,u.  508 — Kasua,  u.  601. 
508:  III.  117,  334,  760— Ailurus,  u.  494,  MIX  : ni.  334,  44^  J80 
— Prucynn  lotor,  u.  491.  501,  .503.  508  ; in.  334 — Arctictis  (*yn. 
Ictides)  alhifrons,  u,  491,  508 ; in.  445,  491,  508 — Ceecoleptes 
cttudimltmlus,  n,  197,  491,  509  ; in.  334,  780 — Phocida  («yn. 
Pinnigrada),  ii.  288,  490,  494  ; in.  65,  147,  234,  336.  780 — • 
Trichechus  rosmarus,  n.  289,  490,  498.  507 : in.  338.  524.  780 — 
Phoca  (Calocephalus)  ritulinus,  j,  xix. ; u,  289,  296,  494,  507  ; 
III.  118,  119,  33L  440,  4M,  524,  661,  ML  6M,  60?,  6??i  7^5— 
Ph.  grxnlandica,  IL  488,  489,  494,  498,  507  ; in.  11 5 — Ualichoerus 
griseus,  n.  494 — Pelagius  monacbus,  n,  495,  507 — Cystopktera 
cristala,  IL  490,  497  : In.  336,  524 — Cyst,  proboscidea,  u.  496, 
497  ; III.  337 — Stenorhynchus  Irptonyx,  ii.  495 — St.  serridens,  IL 
489,  495  ; III.  336,  337,  369 — Otaria  leonina  seu  juhata,  n.  496. 
497.  498  ; ni.  336,  486—0.  ursina,  u.  607;  in.  21^  2M,  618— 
O.  lobata,  in.  618 — Ommatophoca,  in.  337 — Arctooephalus  aus- 
trals,  II.  496. 

B.  VIsocuTA — I.  xxriii.-xxx. ; n.  280-286,  295,  296,  487;  iii.  I, 
128,  IM,  340,  52L  623,  Z32.  718, 

Older  : AUTIODACTX'LA-u.  283,  285,  296,  45L;  in.  4L  122,  343, 
46.5,  598.  606,  068,  694.  698. — .Sub-order:  Ruminantu — i.  xxix. 
xixi.  xxxviii. ; n,  286,  ^ MI,  ilL  ML  M2 ; in.  4L  88,  342, 
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Order:  ARTIODACTYLA — eontinwd. 

348. 392.  467.  615. 522.  821.667.  696,  737.  784— BgriAf— n.lTI. 
48fi;  111. 351.  547.  607.  624.  77»— go«.  Lxi.  352;  n. 286.  482 : m. 
128,  159.  625.  631.  73S— Bos  toHrus,  L xriii. ; u,  461.  472.  4<2: 
III.  42—47.  90 — Bos  grunnifns,  ii.  483 — Bison,  u -rT-n'i. — B.  nn- 
peus,  II.  402.472. 473:  ni.  196, 361 — B.  americansss,  ni.  625. 697— 
Bubaiiu — u.  123  ; ui.  233.779 — B.  eaffrr.ni.  626 — B.  mas^ia-L 
III.  626.  779 — B.  gnu,  ii.  482  : lii.  626 — AsstilopiJst,  e.  234, 
483 ; III.  624.  625.  633.  634 — A.  {Aigoceros)  eguissa,  ii.  478: 
lu.  462.  482 — A.dortas,  ni.  555.  779 — A.  txrvicapra,  u.  451: 
111.  626,  632 — A.  rupicapra,  ui.  633 — A.  corinna,  ni.  635— 
A.  sirrpsicrros,  II.  473 ; lu.  77 — A.  (Crphahpkus)  sssergms,  n. 
473 ; ui.  626 — A.  tragtlaphus,  lu.  626— .4.  dama,  iil  779— 
A.  oreas,  779 — A.  {Tetraerros)  quadricomis,  n,  473 : m.  615. 
— AntUocnpra  arturiauui  (eyn.  Dieranoceros) — n.  473  : in.  SIL 
626 — ■SimtAerium — ii.  473 ; in.  625 — Bramatherium,  ii.  47* . 
III.  625— Ot’icAe,  ill.  624,  779 — Capra  kirctss,  u.  475  : m.  7i5 
— OtM  arifs,  u.  286.  474.  475 ; in.  82,  738 — O.  ammon,  n.  Hi, 
lu.  618 — 0.  musimon,  in.  618:  0.  Vignei,  IL.  474  ; in.  618—0 
rntUnra,  u,  462.  474 — Camelopardalis  Giraffa,  e xxxii. ; u-2ji 
464,  475.  482 ; iii.  42,  49.  7^  ?(^  122,  143,  196.  471. 525,  £11. 
779 — Moschida,  IL  286.  486  ; ni.  779 — MoscAus  moscki/ms. 
460. 471.  484. 186  ; ill.  348,  349,  35L  ML  635— Af.  aquatkru.  a. 
486.  4 87;  iii.  472.  483— Tragidns,  n.  298.  471.  472.  483:  m.lK 
1 20. 1 2 1 . 1 22. 1 23, 35 1 , 696, 737— Tr.jaixmicus.  ii.  48 4 — Tr.nsps. 

II.  486 — TV.  kanckil,  U.  484  ; ill.  467.  481.  515 — Tr.  ppgant, 
in.  H3~ Boreal Aeriiim,  ii.  286 — Cervida,  ii.  286.  486  ; in.  IS, 
123,  6^  738,  779— C.  elaphus,  in.  628,  738 — C.  dama.  n.  478. 

III.  629,  631 — C.  tarandus,  L ixxii. ; u.  464,  478  ; m.  6K', 
697 — C.  davidianus,*  in.  628.  630 — C.  capreolus,  in.  630.  696— 
C.  ru/us.  III.  631.  697—0.  siimplieioomis,  iii.  631 — C.  snmjec, 
11.  478.  479 : in.  631 — Megaeeros,  u.  285,  483 ; in.  351,  6'?.s — 
Alcts,  L xuii. ; il.  478 ; in.  351.  594,  630 — Camelidsr,  l.  xiaii.; 
n.  MO,  ill,  ML  482  ; III.  43,  IL  122,  1^  4 78.  581.  607. 
779 — Camrlus,  u,  286  ; ni.  M,  349.  695 — C.  bacirianus,  49. 
4.59,  471.  784 — C.  dromedarivs,  49,  784 — Auchmia  lama,  n.  286. 
460.  470  : in.  122,  349,  468.  615.  565.  618 — Auchmia  rinsis, 
II.  170  ; in.  515. — Sub-order : Omnitora— i.  nix. ; n.  296— 
MergeopHamus,  n,  286 — Dichodon,  u,  286,  287 ; in.  266,  340,  375 
— Bkhobune,  ii.  286 — Xipkodon,  u.  286 — Anoplotherium,  e XTii. 
xxxi. ; 11. 260,280;  ui,  340,  341,  375,  790 — hficrothcrium,  n.  286, 
287.  472 — Entdodon,  u.  286 — Hippopotamus,  u,  283.  286.  465. 
466. 410 ; ni.  1 22,  340,  ^ b3\—Haaprotodon,  in.  347 — Hippo- 
hguSy  ni.  343 — Hyopotamsss,  in.  343.  376 — Anthracoihcrinm,  n, 
286:  in.  3i3—DKotyles,  u.  286,  MS,  MO. 481 ; in.  213.  340.  465. 
481.  636 — Charopotamus,  u,  286:  in.  343.  375 — Phacockirts, 
II.  4G9i  III.  195,  213.  346,  561,  681— SuW«,  u.  469;  in.  122. 
203,  581— Sus  scrofa,  ii.  286,  458,  46Ii  MS,  480,481,  547:  ni. 
123,  195,  340.  343,  344,  345,  465— S«»  larvatus,  ii.  469.  470— 
S.  babyroussa,  ni.  561. 

Order:  rERISSODACTYLA—n.  283,  296,  444j  ni.  26.  121,  352.  458. 
OOP,  693 — Coryphodon,  ii.  284  : in.  377.  792 — Ptiotnphus,  u. 
284  : in.  341,  343,  375,  377.  792 — Hyracotherium,  in.  375,  7fi  J 
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Order;  PERISSODACTrLA— continued. 

lAtphimlon,  II.  2M;  m.  377 — Pitl<eotherium,  i.  xrii.  rxii. ; n, 
284,  .11)1) ; III.  34(>i  ML  342.  343,  358.  315,  377,  7S9—Palop/othe- 
rium.  111.  791 — Macrauchenia,  u.  446.  448.  451,  454.  459 — Elae- 
mo<Aeri«wt»,  U.284 — Kkinocerot,  ii.  283  ; HI.  ^ 794— 7?A.  indicut, 

II.  ^ 450,  455 ; in.  90.  120-122.  143,  ^ 34!L  ^ 356, 
377.  522.  580.  C24.  038, 093 — Jii.  tondatcut,  in.  024 — lih.  tuma- 
tranua,  in.  684 — Hh.  Orwrllii,  iii.  624— iM.  Ketloa,  in.  624— i?A. 
tichorhinut.  III.  450.  618;  Kh.  leptorhinua,  in.  450 ; Rh.  minutut, 

III.  624  ; Aerrotherium  incititmm,  u,  280.  455 ; in.  356.  624.  631. 
742 — Ilyras  capentit,  ii.  284.  285,  446.  450.  455;  ni.  1 14.  120, 
121.  123,  133,  U3,  233,  340,  34^  356,  4^  5Mi  6^  664— 
Ancilherium,  u.  284  ; in.  792 — Hipparion,  l xutii.  u.  284.  309; 
HI.  340,  34^  Vi\—Equidae,  u.  283,  296,  308.  451 ; ni.  534.  593. 
616,  737.  791 — Equut  cahallut,  l xxxii.  360 ; n,  285.  305,  310, 
447,  451.453.  456  ; III.  27,32,  34,  39.  40,  41,  67.  85,  9L  98.  114. 
120,  121,  123.  195.  212.  232,  340,  343.  352,  355.  391,  403.  458- 
460,  479.  495,  5^  5^  565,  510,  5?^  601.  616,  61L  664-667. 
694,  734-736,  778 — Eg.  tpiogga,  iii.  448 — Eq.  zebra,  in.  448, 
616,  794 — Eg.  atinut,  in.  142,  448.  565,  616— 71y>iri«,  u.  283, 
28.5,  296 ; III.  534—  T.  amrricanut,  u.  444,  449, 455 ; in.  ^ 232, 
233,  251,  313,  357.  391.  4^  46^  6^  5^  593,  606,  664,  694. 
736,  794 — T.  malaganut,  u.  448  ; in.  458,  664 — Toxodon,  in. 
293 — Kesodon,  in.  266. 

Order : PROBOSCIDIA — i.  ixiTiii. ; n,  282,  296,  437  ; m.  115,  359. 
4.57  . 660.  692—Dinolherium,  n,  28^  411) : in.  343,  3^  359.378 
— Maelodon,  n.  282.  441  ; in.  343.  37S—Ebpha*.  li.  282. 296.  4.39 ; 
111.  49,  66,  75,  90,  2^  343, 359,  360,  361— £.  nfricanut,  u,  43^ 
439— £.  indicue,  u.  437,  439,  443;  ni.  123,  U3,  232,  390, 

692,  740 — £.  primigeniut.  III.  362.  618. 

C.  IIUTILXTA,  II.  280,296,  299  ; iii.  732. 

Order : SIRENIA—u.  28L  296i  30L  429,  4Mi  ni.  24,  ^ 189,  1^ 
210.  226.  250,  260.  283.  478.  561.  579.  580,  ^ 6^  092, 
nS—.Vanatue,  u.  373,  4^  43}^  453 ; ui.  ^ 1^  226,  2^  621 
—Halicore,  L 36L  303,  365  ; II.  28L  429,  430,  433,  434- 

436;  IIL  2,  ^ 2U),  2^  283,  4M.  4^  49^  6^  M7,  661, 
579.  589,  607.  660,  692— Rkytina>,  u.  430,  432,  433 ; in.  194. 
250,  521, 607, 692— Zeuglodon  (syn.  Sguatodon),  u.  424 ; in.  266. 
284.  362. 

Order:  CETACEA— u.  280, 296.  298.  307.311.  313,416,  422,  429,436  ; 
HI.  L 11,  24,  85,  75,  91,  115,  146,  148,  M9,  1^  168,  194,  205, 
207.  223,  282,  661,  562,  568,  570.  578.  580.  611,  618.  641.  6.58. 
691,  n\—Dtdamid(e, ii.  296, 115, 426 ; iii.  119,152,  278,  279,  678, 
587, 5 88,  589.  690 — Baltena  Mgeticetue,  n,  280,296,  415. 416, 428. 
429  ; HI.  143.  383,  452,  568.  732 — B.  auttralie,  ii.  423.  426 — B. 
tongimana,  u.  426.  428 — Batemoptera,  il  418,  419,  426.  428  ; 
III.  143,  189,  249,  265,  274,  2ZL  278,  279,  453,  454i  .548,  561, 
579,  687.  659 — Phyuteridee,  u.  419 — Phgteter  macrocepkaltu,  i, 
262.  363;  II.  41^  419,  422,  426j  HI.  2^  363,  666—Euphgte/ei 
simM,  II.  416.  426 ; in.  281.  588 — Mtmodon,  u, 418;  in.  265.  279, 
280--  y.ipkiut,  II.  419,  427.  428  ; III.  26.5 — Pnmziphiue,  n.  426, 
127 — Hyperoodan,  u,  429 ; in.  453,  451.  621,  691 — Deipkinidee, 
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Order:  CETACEA — cnntiniied. 

IL419,^  42L  429;  m.  119, 1^  ^ 204^  2^  22^  279.  Hi. 
687.  588 — DrJpkinut  drtpkit,  u,  417 : m.  84,  91_,  115.  120,  H<5, 
266,  281.  282,  536,  691— D.  turao,  u.  41^  419, 427^  4211 ; in.  224 
— D.  ffrueus,  in.  255,  265,  280— D.  Ifueiu,  n,  42.5 : in.  281 — 
Phocefna  communU,  n.  418.  424  ; in.  75,152.  168.  225,  452,  521. 
536,  554,  587.  691— f*.  erco,  ni.  281 — /«ia,  m.  282 — Pfa/Muu, 
u.  4^  4^  428  : in.  282. 

SuWlass ; Lis.se>'cepilu.i,  ii.  270.  276.  296  : in.  ^ 24,  98.  99,  108.  111. 
112,  113,  125,  134,  141,  147,  152,  2^  519,  ^ 604,  641,  723. 
Order:  BHVTA—a.  228,  296.  393  ; iii.  19,  IJO,  193,  ^ 2^  269, 
270. 272, 273. 274. 283.  446.657. 689.  ^i2—Mfgathrriun^  l.  xxiii. 
361,  363:  II.  29L  307.  402.  408.  411.  414.  416.  507:  in.  66,  16^ 
274.  275— 3/yWon,  ii.  401,  40^  407,  414,  415;  lu.  162— 
Mfflalonyx,  u.411 — Bradypvdidte,  L 363 ; u.  229,  296.  414 — 
Chulirptis  didactylut,  LL  297.  306.  406.  411.  412  : ill.  274.  450. 
578.  586.  690— C’A.  lioffmanni^  II,  400 — Bmdyyus  tridact^iu, 

II.  219,  229,  298,  30L  398,  400,  405,  406,  411,  412;  in.  MU, 
484,  578.  586.  690,  731 — Ikuypodvda,  ll  279.  296  : in.  193 — 
Olyptodon,  LL  297.  393,  395.  405,  409  ; in.  271.  273 — Dasyf^ 
gign*,  u.  408— D.  ptha,  u.  393,  394,  404,  408,  409,  ni.  193,  390, 
400. 402. 409.  440.  484. 520. 560.  577.689. 690,  731— Z>.  a^aenru. 

III.  565 — D.  6-cinctus,  ii.  1118;  III.  447.  484.  578.  690 — Priv/Lm, 

III.  273.  266 — Euphractux,  ui.  22A— CUamypionu,  LL  4o5.  407. 
409  ; III.  209 — Orycteroput,  L 367.  309  ; u.  279.  376.  395.  401. 
409:  III.  210,  231,272,273,  366,  386,  484,  520— ii.  278. 
29.5 — Edentttla,  LL  296— Manu  penladactyla,  n.  279,  396.  4i43  ; 
ni.  447.  622— ,V.  longicaudata,  IL  404,  402 ; in.  265.  232.  612. 
623 — Myrmecophaga  juba/a,  u,  279.  388,  397.  403.  410;  in.  20- 
24,  143,  1_M,  210,  23L  383,  403,  448,  484,  494,  ^ 691  — 

M.  didaclyla,  n.  398,  4111 ; UL  110,  402,  S58. 

Order ; CHEIROPTERA— n.  218,  296,  387,  392  ; iii.  1,  74,  80,  98. 
109,  189.  228.  310,  387,  428.  484,  *36.  542.  553,  565,  586. 
612,  657.  689,  730.  716— Itfivpui.  ii.  228,  296,  387,  388.  393  : 
III.  190,  192,  229,  3U,  484,  562,  ^ 586,  6^  689,  730,  776— 
Drxnuidus,  in.  190,  192,  311,  313,  429  — MonopkyRtu,  ill,  192 — 
Artihfttt,  III.  192 — PhyllonycierU,  in.  192.  387 — PkyRattoma,  m. 
310,  387,  613 — Mrgadtrma,  in.  424.  6\6—Rkinolopk»t,  IL  388  ; 
III.  189,  190,  209,  4^  562, 613— AVc/ffii.  iii.  387,  613— Ofoop*. 
III.  387 — Saccolaimiu,  in.  387 — Rkinopoma,  iiL  387,  429,  613— 
Murinoopt,  III.  387. — Ckilonyctmt,  HI.  310— Xoctilio,  ui.  387 — 
Einhatlimura,  in.  638 — Ckriromelex  torquatus,  m.  634 — Ck.  ««■- 
dalut.  III.  634 — Molotmt,  in.  387 — IHtcotut,  iii.  429 — Verpertilio, 
IL  4,  387  ; III.  4,  229.  562 — V,  miiriniu,  iL  392  ; m.  192.  310. 
429 — 1'.  nnettda.  III.  74,  228.  730.  731  — V.  rmatginalMt,  in.  730 
— V.  terotinut,  ni.  657 — Saocopieryx,  in.  613.  638. 

Order:  IXSECTIVORA—ii.  27L  296,  38.5-392 ; iii.  17,  90,  m LiT, 
151,  192.  209.  229.  248,  301,  427.  562.  568,  585.  609,  6.55.  687. 
089,730 — Talpidtr^  ii.  296  : in.  98, 152.  304.310 — Talpa  rvrxrp^n^ 
II.  297,  386  389,  390  ; III.  U,  98.  HL  152,  246,  303,  3^  399. 
428,  520.  560.  570.  577.  620.  656.  688,  729.  776  - 7;  ni. 

216— Ckrytocklori*,  ll.  389,  392;  111.  3^,  302,  303,  6^  656— 
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Order:  INSECTIVORA — continued. 

Condylura,  ni.  209 — Scalope.  in.  303,  304 — Boricidte.  ii.  277. 
‘29fl  ; in.  30.5.  313,  427.  634 — Sorex  araneue,  lu.  229 — Ifydro- 
torex  foditm,  m.  229.  306.  427 — H.  Hermanni,  in.  305,  306 — 
Amphieorfx  tetragonurue,  n.  389,  390;  m.  305,  306,  427  — 
Sotenodon,  in.  229.  304,  305.  427.  428— TVpaia  (sjn.  Glyeorex, 
Cladohatre),  m.  307i  422.  428.  689— /MyncA«y-m,»  n.  390 ; 
in.  98.  109i  Ilii  306.  384, 42L  428,  5^  6^  6»S—Petrodomut* 
in.  307.  m—Bdeagale,  in.  307 — Nyngalea  (syn.  Mygtde)  mn- 
chata,  HI.  304.  637 — Maeroeeetides,  u.  385  ; III.  307.  428,  637 — 
Gymnura,  u.  390  ; in.  308 — Potamogale,  ni.  305 — Erinaceida, 

II.  296.  390— i’n'flaenw  europeut,  n,  ^ 297.  385,  390  ; ni. 

1^  74.  ^ 3^  4^  484,  494.  ^ 5^  ^ 568i  ^ 586, 
621,  622.  656.  689.  730.  776.  785— Ericulue,  iii.  309— Eckinope, 

III.  309—Centelee,  u.  4.  385 ; ni.  230,  3^  4^  484,  6^  689, 
730 — Spcdacotherium,  in.  302.  303.  790. 

Order:  ROflEHTIA  («yn.  Glim) — i.  xxxTiii. ; u.  276.  296,  364-385  ; 
in.  L,  16,  90,  98.  152.  193,  194,  209,  283,  295,  577,  611, 

686. 721-729.  775.  78i—Leporid<e,  ii.  364.  378 : in.  110, 192.  231. 
248.  296.  426.  553.  560.  570.  649,  686,  687.  778—Lepue  timidue, 
n.  300,  364,  36L  312  : ni.  98.  113,  208.  ^ ^ 300,  423,  426. 
636.  649,  686.  727.  784 — paluetrie,  in.  776 — L.  cunicidue, 

II.  378j  m.  299.  301.  423.  58.5.  711.  712.  714.  715.  724.  727. 
784 — Lagomye  alpinue,  u,  377.  385  ; in.  296.  299.  650 — Hyslri- 
eidir,  n.  364 — Ilyetrix  cristala,  n.  269.  364.  372.  373  ; in.  1 10. 

I. 51.  192,  485,  623.  650,  775  ~H.  ajtpha,  il  364 — Erethixon.  ni. 
485.  775 — Cmolahex  (nyii.  Synethrrra),  u.  367  : III.  485.  775 — 
Ijtmcktret,  ni.  776 — Daeypncta,  u,  270.  365.  379 ; m.  192.  423, 
577,  651,  770— Calognye,  n.  311  ; in.  208,  230.  386,  399,  423. 
677.  585.  6.52,  725 — Hydrochorrue,  ll  369,  377. 380:  in.  296.  298, 
387,  686,  775 — Cavia  aperta,  in.  398,  775  — C.  cobaya  (syn. 
porceltut),  II.  382 ; in.  98.  485.652,  727.  775 — DoUchotie,  u,  377 : 

III.  297,  775 — Habroroma,  in.  775 — Cnpromye  Foumieri,  in. 
192.  387,  423,  424,  425,  485,  488,  560,  652,  775— C.  prehrneitie, 
n.  307— Ctenomye,  il  378  ; in.  27>0—Myopotamue,  in.  192,  377. 
423,  570.  577.  775 — Lagotie,  il  36.5 ; ni.  230 — Lagostomue.  in. 
299.  560,  686.  687.  775— Oclodon,  in.  299,  775,  770— Chinchilla, 
IL  370.  38.5;  in,  298.  299 — Echimyidte,  in,  299 — Felojnye,  in. 
775 — Echimye,  in. 485, 775 — Anomalurue,  in.  612. 623 — Myoxa.i, 
IL  4;  III.  422,  423,  778—Sciuridx,  il  383;  in.  686— Semriis 
mlgarit,  in.  421.  424,  Gi9—  Sc.  cinemu,  n.  383;  in.  421— &. 
palmarvm,  in.  775— Sc.  Kiaximue,  u.  383;  in.  485— Pteromye 
votucHla,  II.  276,  384  ; in.  231,  247,  612 — Castor  fiber,  il  364, 
374  : III.  98.  1 10,  635,  649.  686 — C. canadensis,  n.  269  ; ni.  Ill, 
231.  422.  636.  653 — Fiber  xibethicus,  n,  375 — Arricola  amphibia, 

II.  381  ; III.  209,  298,  386,  4^  577,  653— Geoiiiys,  ni.  56.5-^ 

Saccostomus,  in.  380— Saccomys,  in.  380— Dipodida,  in.  248 

lUpus  sagitta,  iL  366,  376,  383,  485,  854— Atactaga,  il  276— 
Hdamys  capensis,  u,  365,  376,  38^  383,  485,  6^  677,  63^  63fi 
—.Spalax  typhlus,  n,  376 ; in.  246,  380— Bathyergus.  n,  3&1 ; 

III.  231,  246,  285,  269,  296,  399,  ^ ^ 560,  665,  6S7,  776— 
Orycterus,  in.  423.  577 — Oryctrromys,  iil.  296 — Otomys,  in.  296 
—Mcriones,  III.  290— Hapaiotis,  n.  365,  382— CV«t<u4,  hi.  386, 
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Onli'r : KODEXTIA — ronUnutd. 

421.  m—Arctomift,  u.  382  ; m.  424.  Sperm/^pijlu.  E.  ’ 

386 — Lrmintu,  iii.  483 — Mttridtr,  u.  37S.  382  ; in.  2 (>9.  2H  ^ 

670.  635.  686 — iltu  rttttu$,  II.  382  ; in.  420 A/,  decuautm^i.  m. 

209.  230.  421.  485.  493.  776— .V.  mumtlttjt,  iii.  14.3.  776— X 
mfttoriui,  ill.  143.  776 — Hydrvmyi,  n.  365.  366.  3S2  ; in.  US, 
300. 

Oviiitic  Section  ; Implacbktali  a^ — n.  210 ; in.  713—722. 

Sub-cUbi ; Lviwckphaiji— n.  270^  234.  228  ; in.  98. 101. 1 11,  125.  134.  Ill 
147,  410,  516,  615,  677. 

Order : MARSUPIALIA—i.  xxxriii. ; u.  174.  215.  296  . 328  ; m.  8.  lH 
162.  227.  285.411.517.584.643. 680.718.  768-77.5 — 
ni.  14  Thylacinuf.  u.  3 12.  503  : in.  104.  105.  208.  285,  2S6. 
420,  774 — l)a/tyuru*  iirAmm,  il.  269.  342,  343,  3AS;  III.  98.  104. 
286.  411.  .385.  606 — D.  macntriu!,  u.  360.  3/U  ; iii.  H.  191.  39S, 
412.  420.  .36.3.  576.  606 — 1).  Mauyri,  u.  341 — D.  rioerrimu.  ni- 
191 . 606,  681— U.  laHiaritu,  in.  291 — PAatcoyaU,  III.  286.  4li. 
412,  420.  .384.  774 — Anttihinm,  iii.  104 — DidrJyhit,  ll.  275.  341 
3.35,  3.39,  381 : in.  LL  82.  98.  IM.  281 288.  774 — Z>.  riryiaia^ 

II.  332,  334.  343.  353  ; in.  lOL  liL  21S.  ±1 L 682.  769.  773- 
1>.  A^anr,  in.  721 — O.  opoMum,  in.  584.  648 — D.  ursina.  n.  360 
— I),  cancriitora,  IL  332  ; m.  289.  38.3 — D.  brachyura,  ui.  411.  fill 
— D.  philander,  in.  191,  420 — /).  murina,  in.  104 — />.  dorfiyera. 

III.  681.  682,  771 — Phascnlothrium,  L xiii.  ; ii.  3.30  ; in.  r9<>— 
PerameJet,  u,  336,  332.  342.  351  352.  383  ; in.  13,  16.  191.  2t'.S. 

228,  287,  385,  112.  420,  576.  57L  774— na.r«ta,  ii,  339  ; ra 
288.  420,  .313 — P.  Gunnii,  u.  3.32 ; in.  288 — P.  layoti*.  u.  333. 

33.3.  338,  340.  343.  346.  347.  3.32.  3.39.  383 ; ni.  H 228,  5S4, 

617.  648 — P.  obetultt,  HI.  288.  683 — Choerapiu,  ii.  351.  .3.34  ; m. 
\S-~Tarsijtes,  m.  26.3,  289 — Myrmeeoldue,  u.  335.  336.  342.  343. 

349:  III.  287.  288. 294.302 — ThulncotheriuTn  (svn.  AmpAifirrina), 

1.  ixii. ; in.  287.294,  302 — IHagiaular,  n,  ; in.  294.  314.790 

— Thylaeoiro,  u.  343.  3.30  : ill.  293.  294.  ^90  — Pdiatcedarctoi,  ii 
334.  342.  351  353.  ML  359  ; in.  290,  4^  648.  769— A'o/eOlr- 
riiim,  11.  335  ; in.  293- -Phalanguta,  u.  328.  329.  330.  331.  332, 

334.  336.  337.  341  342.  343.  341.  317.  348,  349.  350.  351.  355. 

359,  360,  361  ; in.  8.  290,  769 — Ph.  rtdpina,  n.  332.  347  : ni. 

16,  ^ 2^  398.  iM.  886  —Ph.  fuliyinom,  ni.  565.  576 — Ii. 
iirfina,  IL  382  ; in.  290 — Ph.  Conkii.  ii.  331.  345.  352.  355.  ; 

in.  289.  290 — Ph.  yliriformh,  n.  3.55.  359 ; in.  290 — Petau-nt, 

U.  329-344.347.  350.  3.53.  355.  356.  3.58.  359.  361.  362  ; ni.  6]^ 
770—/'.  Taguandides,  u.  343.  ML  3^  361;  ML  682.  683— 

/'.  marrurus,  ll.  331,  332.  352 — P.  sHttreus,  ii,  332.  336.  337.  342. 

343.  34.5.  3.52 — P.  fiaviventer,  u.  336,  346 — P.  Bmne/lii.  u.  337. 

338—  P.  (Acmbalee)  pygmm>,  u,  335  : in.  290,  336,  338.  340, 

343,  349,  418.  681 — Uypiti/trymnut,  IL  275,  329.  331.  333-336. 

339- 345,  34L  349-351,  354-361  ; in.  1^  290.  ^ ^ 762 
— H.  murinue,  u.  345  ; in.  290.  081 — H.  myosunts,  in.  338,  342 
— H.  eetonu,  IL  345  ; in.  420 — H.  (Dmdmlayut)  urninue,  u.  332. 

338.  342.  345.  360.  383  ; UL  LSI  290  - H.  (D.)  innjitut,  in.  184 
— H.  {!).)  dorcocephalut,  il  .563  , in.  290,  415.  419 — Ila/walnrat 
Sennettii,  IL  34,5.  3.58 : in.  683 — Macropue,  u.  329-345.  350. 


Digitized  by  Google 


ZOOLOGICAL  INDEX. 


847 


Onlor;  MAHSUPIALIA — eontinued. 

3.W-857,  363  ; in.  Ill,  2^  2^  291— il7.  major,  m 266i  34^ 
349,  Mil  M?_l  «'•  lOSi  291,  411,  41^  414.  420,  446.  560,  576, 
681.  683,  752.  770.  772— iV.  Parryi,  in.  116,516,  606,  680,  Ufi 
— M.  peniciUattu,  ni.  415 — M.  rujiventer,  in.  291,  379,  38.5 — M. 
ptihpiu,  in.  291 — M.  Brunii,  u,  34.5 ; m.  721 — Osphranter,  ni. 
205 — Diprotodon,  IL.  405  ; ui.  291,  293 — Phatcolnmyt,  IL  269. 
328-330.  331.  333-345,  347-356.  358-362  : in.  98,  105,  111, 
292.  313.  420,  048,  682,  769. 

Order;  MONOTREMATA—n.  174,  216.  296.  816-328  ; in.  166,  226, 
228.  269.  271.  410.  616.  638.  639.  643.  677,  715,  760— Echidna, 

11.  275,  297,  811,  312,  316-319.  325-328  ; ni.  7.74,  89, 10^  103, 

128,  142,  208,  228,  265,  383,  38.5,  396.  397,  409,  640, 

644. 767—OmUhorhynehut,  ii.  225.  29L  315.  318-321  ; in.  2J, 
82,  100,  102,  103,  146,  160,  182i  208,  226,  260,  26^ 

271.  272.  383,  410,  564,  W,  636,  644,  715-717,  760-767. 

Genetic  Scctiun  : Pketmootoka. 

CliiM : AVES — I.  xxxriii.  6 ; u,  .5-265. 

A.  Altbicxs — II.  2,  29,  265. 

Order:  RAPTORES—u.  8,12,19,22,32,4L54,6?.63,7I,Z^81, 
84,  146,  163,  156,  168,  184,  162,  IM,  110,  177,  ^ 219,  ML 
232.  2.58  . 26b—Falco,  IL  32,  60,  13L  230,  ML  242— u, 

12,  85,  1 71— -Vi/fiw,  II.  1 16— P«/ee.  n.  1_2L  220— AqaHa,  u 25 ; 

II.  2L  32,  5L  53,  72,  76,  IL  80,  119,  122,  158,  1_7L  176, 
220,  259 — PandioH,  u,  21 — Halicttu*,  LL  HI — Harpeia,  u. 

17.  36 — Gypogcramif,  u.  23,  HI — (ryp»,  u.  IL  Mi  '10 — 

VuUur,  iL  ^ 58,  89,  139.  174.  185,  230 — Sarcoramphut,  u.  27, 
81.  221 — Hiertuc,  u,  27 — Catharia,  u.  M,  175.  184.  185.  230 — 
Slriyida,  n.  4^  134,  139-141.  143,  171,  214,  227— Slrix 
flammea,  i.  Ml  U*  171.  232 — S.  pnUiccla,  il  28 — Symium, 

11.  175.  181 — Bubo  maximru,  u.  140,  24'2 — Scopt,  u.  32 — Sumia 
ulula,  IL  67. 

Order : SCANSORES — ii.  n,  28.  8L  265 — Ramphattidcr,  ii.  12. 6L  US 
— Rampkattot,  u,  28,  130,  131,  151,  177 — Bucconidce,  ii.  12.  28 
— CunUidcr,  u,  12,  177 — CuchIm,  il  M,  166,  177,  255.  2-57 — 
Gtococcyx,  II.  34,  36 — Cenlropyx,  iL  32,  75 — Pieidit,  il  12.  37. 
116 — /Vim.  il  19,  28.  58.  60.  1,52,  155.  178 — yfuaophtiyida,  IL 

12.  28,  56.  173 — Corythaix,  ii.  M,  36 — 75irartM,  ii.  32 — Cdiidte, 
II.  12— PcUlacida.  il  1^  55,  2L  81,  119,  U3,  17L  Mli  258— 
PaittacUK,  u,  28,  30,  32,51,  224 — -Caipptorktinchnt,  ii.  2l_,  M,  50, 
58,  63 — PlyctiBipkut,  IL  68,  63 — Mitroglutmu,  n,  58 — Macro- 
ecrciit,  IL  58,  63 — Striyopt,  IL  28.  58 — SmIot,  il  258 — lAcmeica, 
IL  58  — Lnihamut,  il  58 — Pesoponu,  il  28.  67. 

Order  ; VOLlTORES-n.  lL20,28,M.7L8t,U3,lH,  22i,  26.5— 
Cyptelidcr,  n.  H,  M,  ZL  26,  \\7—CyptfiM,  IL 28,  32.  81.  83. 
1.57— ilILIL  28,  1L26.  IH,  147— 7Voc5i/im,  il 
22,  32.  59,  66,  81 , 1.51 — Orthorhynchuc,  il  147 — Androdon,  ii. 
258 — Eumnria,  il  22i--Caimmvlgvl<f,  u.  \ \—CaprimuBpu,  u, 

62.  55,  83,  liL  156,  118,  22L  2i2—P,niargm,  ii.  Mi  5L  6L 
53,  81  -OdoptcTus,  iL  221 — Trwjrmida,  il  1 1 — Prionitida,  il  12 
— Mcmpidtt,  u,  1 1 — Meropt,  ii.  256 — Gutbulida,  IL 1 1 — Coracida, 
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Order:  VOLITORES — continufd. 

n.  11 — Capitonida,  n,  11 — AlctdinUa,  IL  11 — Alralo,  u.  161 , 
221.  2.56,  2o7 — 7'odiu,  ii.  28 — HaJeyon,  u.  256 — Daerln,  n.  81 — 
Harpactes,  u.  28 — liucfrotidte,  ii.  1 1 — Bucero»,  u.  40^  41,  -55.  5>, 
63.  115 — Colopterui,  IL  229. 

Order;  CAyTORES—\i.  1^  28.  219.  224.  227.  245.  258— Tlfcramo- 
phUuf,  u.  224 — J)ef>tiro»lrea,  IL  10 — Tyranmu,  u.  233 — J'aitffa, 
II.  146 — Laniua,  n.  ^ 67,  146 — Fumaria,  IL  224 — Phi/«dfn,  n. 
129 — Troglodytea,  IL  257 — MotacUla,  IL  257 — Euphonrt.  n.  161, 
166 — Curruca  luscinia,  IL  224 — I'urdua  muaicau,  II.  1_L  237.  2 IS 
— T.  pilaris,  II.  153 — Merula  dactyloptera,  u,  74 — Omxrostrrs, 
II.  lOj  146 — Chlamydera,  ii.  268 — Ptilonorhynchus,  2.58 — Para- 
disia,  II.  10 — Coreus,  ii.  10,  130,  146.  257 — C.  corax,  u.  222 — 
C.  fruyilcgus,  ll  139 — Frrglus,  IL  32 — Sturaus,  IL  10,  2.57 — 
Coracias,  iL  63 — Caryocataetes,  n,  157 — Craclicos,  a.  57 — Eat- 
bcrixa,  IL  10 — Parus,  IL  10 — Alauda,  il  10,  2.57 — Loxia,  il  .57. 
146.  151— Ca«iciM,  il  32, 36 — FringUla,  IL  1^  128 — Fr.  oc7<5«. 
II.  2.57 — Pyrgila,  IL  243,  245 — Coccvihrausles,  IL  10 — 

II.  257.  422 — Tenuirostres,  II.  10.  147  — Antiochara,  ii.  57 — 
Cinitynis,  IL  10 — Sitta,  ii.  10— Or/Aio,  IL  10,  178 — Upapa,  u. 
178.  230 — Fissirostrts,  ii.  10,  147 — Plocrus,  il  257 — Hirundo,  a. 

10,  84.  257 — Glaucopis,  Ii.  129,  171 — Tiaamopiilus,  ii.  '224. 

B.  PK.®c<x:Eg — II.  7,  265. 

Order : RASORES—ii.  10  22,  26,  29,  6L  75,  H,  1 30,  1^  156,  161. 
164,  169.  171.  172.  219.  221. — Sub^ordcr  : Couthbacei — n.  1^ 
53,  70,  ^ 11^  169.  113,  177,  267— Cotumha,  IL  10.  32.  49.  58. 
66,  120,  159,  160,  16L  162,  168— C.  gaUata,  ii.  66— n. 
10— Goura,  n,  10,  27,  32,  257— Ridas,  il  12,  13,  48,  49,  57— 
Prcnphnpa,  ii.  13. — .Sub-order ; 0au.ix4CRi — n.  10,  27,  32,  1.59. 
173 — Hemipodius,  ii.  32 — Megapodiiis.  il  74 — Symida,  il  150, 
220  — Perdix.  11.  21,  22.  26,  2S.—  Francol  in  us,  ii.  21  — 

Colurnix,  ii.  27 — Callijirpla,  IL  277 — Paco,  il  27,  74,  81 — 
Piiypleclron,  IL  27 — Lophnphnrus,  IL  27 — Phasianvs,  1l21,  171. 
257 — Oreophasis,  ll  27^  3^  36,  65 — GallopAasis,  il  2.57 — 
Gallus,  II.  14,  ^ 118,  122.  1^  203,  248,  24^  248-2.54  . 2.59- 

202 Onyx,  11^  26,  27 — Lophorlyx,  il  27 — Orlalida,  il  220 

— Trlrao,  il  ^ ^ 66 — T.  urog^lus,  11.  57,  129.  2.57 — Syr- 
rhaplrs.  LL  ^ 40— Ptcrocirs,  n,  27,  2,66—  Mriragris,  L 20  ; n.  27. 
2.58 — Crax,  il  27,  32,  34,  68 — Ourax,  27,  65 — Penelope  crista/a, 
IL  171 — P.  mirail,  11.  220. 

Order:  CURSORES  («yn.  Etmthiemidx) — ii.  1^  20,  .51,  85,  118,  134, 
153. 171.  221  — Rhynckfdus,  11.  55 — Tinamus,  IL  16. 32. 34,  36.  49. 
53.  65 — Apteryx,  L xxziii.  23:  ii.  12,  18-22.  30.  34.  3.5.  36.  38, 
48-52,  53,55,6^63,64,65,  66,70,74,75,76,  81,82,  8.5.  91. 
130,  li^  162,  17L  ^ 24^  256,  25S—Palapteryx,  ii.  12,  82— 
Dinomis,  L xxxiii. ; II.  1^  1^  20,  21,  31,  35,  48-51.  56.  61-66. 
75,  76.  2.56 — Aplomis,  il  13,  43,  48,  50,  58,  7^  76 — Curmitrmis, 

11.  1^  79 — JE}tyornis,  il  13,  260— Casuarius  galeatus,  6,  23,  3^ 
3a.  59,  64,  60,  101,  1^  173,  I7L  206,  ^ 235,  243— C.  Ben- 
nettii,  ii.  64,  138,  139,  HO,  267— Rromaius,  u.  23.  24.  33.  34.  36. 
5^53,64,66,  UKl  162,177,  185,  188,  210,  220.  227.  235.  257— 
Rhea,  11.1^23,35.49,52,54,64,66,  1^  2^  31 1— Sfru/iU,. 
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Order:  CVRSOHEB — continued. 

II.  12,  13.  16,  18,  21.  22,  21,  29.  33,  35.  43-49,  50p  51,  53.  54. 

IMi  10;^  iMi  IM.  133, 

140,  158.  161.  167.  169.  12^  IIL  17^  17L  IMi  IMi  ^ ^ 

Order:  GRALlATORES—iu  8.  9.  15.  23.  49.  60,  67.  80.  81.  112.  m 
— 0#M,  II.  2^  ^ ^ 133 — Charadrius^  ii.  ^ 267 — (Edicn^mus, 
II.  82 — Vauellus,  u.  ^ 58 — Hamatopus,  IL.  82 — Tachydro- 
m««,  II.  82 — Grun,  n,  173.  178 — G.  virgo,  il  2^  ^ 177.  220, 
2 13 — G.  Antigone,  u.  ^ ^ 220— G.  cinfrea,  IL.  ^ 218.  220 — 
G.  Sianleyanue,  ii.  220 — Psophia,  u*  21^  ^ 32*  67 — Cancroma, 
II.  ^ 148 — Bedtenicepe,  il  ^ 148 — Ardm,  il  ^ ^ 147.  163. 
232,  257— IL  23— C.  argala,  il  ^ 1^  217^  ^ 219. 
229 — C.  alba,  IL  257 — Mgeteria,  IL  147 — Tantalus,  il  57 — 
IHata/ea,  IL  2^  ^ 148 — Scolapax,  il  2^  ^ 3^  ^ 82 — A’limtf- 
«ti«,  II.  ^ 61 — Jihynchaa  australis,  il  220 — Limosa,  il  23, 26 — 
Tringa,  il  26 — Machetes,  il  258 — Totanus,  il  26 — liecunnrostra^ 
II.  61 — Parra,  ^ 256 — Palamedea,  ii.  ^ 232 — liaUus,  ii.  113 

porphyria,  il  57 — NotomU,  L xxxiii.;  il  ^ 2^  2^  57 — Gal* 
linula,  n.  113 — Fulira,  il  113 — Ghreola,  il  26 — Bnxchypteryx, 
L xxxiii. : n.  24.  26. 

Order:  FlATATORKS  (Syn.  Palmipedes), 

8^  Ui  1^  170i  LZ^  IIL  'il^  2Z2—Ph4micopierus,  IL  ^ 1^ 
23.  82.  149.  152.  157 — Lamsllirostrat<e  (syn.  Anatidte),  IL  9,  ^ 
^ §L.  1J2,  123,  1^  1^  1^  218— Q*srn««,  IL  ?,  127, 

128,  IM,  1^  14di  Li^  1^  IMi  1^  1^  ^ '2^ 
229.  230,  241,  244,  255.  265— C.  atratus,  ii.  ^ 257— Or«>p«#, 
II.  2b7—Anser  palustris,  il  118,  120,  123,  1^  14^  144, 

148,  152,  161,  178,  181.  193.  206,  209.  216,  220.  221,  229,  245, 
264 — A.  gambensis,  ii.  74 — Anas  fusea,  il  220 — A.  semipalmata, 
II.  220 — A.  sandvicensis,  ii.  257 — A.  clangula,  il  220,  225 — A. 
boschas,  IL  ^ 1^  14^  iMi  IMi  ^ 244—^.  mosehaia, 

IL  230 — A.  vulpanser,  il  257 — A.  {Caearca)  rutila,  il  257 — 
A.  sponsa,  n*  257 — A.  galericulata,  ii.  257 — Bixiura,  il  83 — 
Mergus  serrator,  il  1 49.  220,  225— merganser,  il  220 — 
M.  cucullatus,  IL  257 — Podietps,  ii.  2^  ^ ^ ^ ^ ^ 174, 
188 — Toiipalmata,  il  9 — Ptlecanus,  il  ^ 2^  ^ ^ ^ 103. 

148,  153.  18S — Phalacrocorax  carbo,  il  ^ 157,  163 — Sula,  n* 
^ IL  130,  m,  ICi.  163— iVo/fM,  iL  9~Phaaton,  ii.  9— 
Taehypetes,  il  ^ 2\^  34*  ^ 67*  ^ 70-72.  75 — Longipennatte, 

II.  ^ 7^  265— 116, 
2b&~~Haladroma,  ii.  82— /VoceZ/arta,  il  ^ 2^  ^ 131,  165 — 
'Hiolassulrtma.  il  21 — I^rus,  il  9*  119,  255 — Leslris,  il  255— 
Catarrhactes,  IL  16 — Rtema,  il  ?*  70 — lihyncops,  il  9*  ^ 147 — 
Brevipennat<r,  il  ^—Colymbus,  ll  ^ ^ ^ 54t  ^ lii 

78  ^ 118  LZ8  190— f7ria,  1828^8L38^8LM*  257— 
Phaleris,  19,  2b^Fratercula,  n.  ^ 257 — Alca,  il  17j  21*  ^ 
25,  163 — A.  impennis,  ii.  21,  28  Hi  ^ ^ Zl*  214 — Spheniaeus, 
II.  2bl^Aptenodgt€8,  L 25 ; n.  9,  16,  17,  25,  31,  41,  66.  67,  69, 
156,  180.  2LL 

C.  Uroio.ni. 

Archeopteryx,  il  13— 5p.  Arch,  macrurus,  38  Zii  586. 

VOL.  IIX.  a 1 
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Class : REPTILIA,  l 5,  1^  181,  198.  216,  290,  309,  321,  32L  337,  347.  385,  45i 
448,  4^4^  500,  6^  ^ ^ 52L  53L  5M.  &§3.  579.  614,  61&. 

630, 

Sub-class ; Mosopnoa,  l ^ 2, 

Order:  PTEROSAURIA,  L xxxnii.  6,  ^ 70,  161,  175 — Pirrtidjactflin. 
L xxxTiii.  1^  7^  1^  IJ^  17^  UL  265,  405,  406 — Ram- 
phorhynckui,  L 18,  70 — Dimorphodm,  L 18,  405. 

Order : DDtOSAVRIA,  i.  18,  70 — Megalosaurtu,  1. 18,  387,  400,  405 — 
Scelidoiaurut,  u 18,  19 — Cardiadon,  l 387 — Hylaosatirtts,  i.  199 
— Jguanodon,  i.  xxzTiii.  18,  387,  403. 

Order:  CROCODILIA,  i.  17,  65, 135,  406,610 — Ampkicalia,  i.  xnriii. 
17,09 — Tflauaurut,  i,  17, 198 — GoniopkolU,  L 199 — GaUtaant. 
I,  409 — Palaotaurut,  L 406 — Cladeiodon,  1.  387 — OpuiXocufta,  i. 
17,  69 — Strfptotpondylu*,  i.  17,  3^  69 — Cetiotaurut,  u 69 — 
Procalia,  L xjUTiii,  17,  69 — CrocodUut,  L 25,  135,  173,  188,  190. 
263,  323,  439, 638— C.  aevtut,  i.  66,  67,  15L  219,  510 — C.  (np»r- 
catiu,  u 67,  68,  139,  145,  223,  341,  349,  406,  451.  526— 
Ckampta  (syn,  AHigator  palpehrosa),  l 198 — C.  trigonaia.  i,  I3S 
— C.  gihbtcepgf  X.  198 — C,  liwiug,  L 66,  67,  72,  138 — C.  nigra-  u 
138,  406,  461 — C,  miMuippientis,  u 408,  446.  450 — Gariaiu,  i. 
406,  451. 

Order  : CHKLOXIA,  i.  uxTiii.  16,  60,  126,  171,  IM.  ?3L  29.5.  386, 

617.  639:  ii.  314  : in.  313,  622,  579,  640— CAc/one,  u 1 7.  26. 
171,  173,  185— C5.  mydas,  l 126,  128,  189,  292,  293,  295,  ^ 
313,  323,  328,  331,  340,  348,  440,  442,  444,  445,  4^  625. 

618,  638 — Ck.  imbricata,  u 445 — Ck.  caretla,  L 61,  63,  446, 

450.  454.  560 — Ck.  pianitrps,  l.  13,5 — Ck.  puUkrierp*.  l 135 — 
PUurosternon-  L 64 — Spkargis-  ^ ,557,  559  561,  618 — 

Ckflydra  (syn.  Cktlonura)  serpentina,  131,  136,  447.  4,50,  454, 
525,  560,  561,  687.  618.  638— C.  Temu.ineHi.  L 131,  135— 
UVionyx,  L 17,  OL  62,  63,  131,  134,  IM.  187.  IM.  327,  Ml, 
385,  448,  6^  530,  Ml,  ML  ML  615— TV/ronyx,  L 130.  131— 
Gymnopus,  l 6L  1 30 — Aspidonectee  spini/er,  l 6 1 5 — Piedypeius 
ferox,  L 446,  616— CAfCys,  L 17L  178,  1^  3^  331,  509,  660— 
AViy.,  L IL  6ii  127,  130, 134, 18L  4M,  639— A.  (syn.  CistuJn) 
eunpaa,  u 60.  &L  ILL  132,  173,  IM,  ML  231-242.  322,  339, 
340,  441-445,  447-450,  464,  461.  601.  510.  529,  541,  582,  683, 
687— E.  picta,  u 6M.  639— A’,  serra/a,  l 446,  450.  454,  501— A 
reticulata,  l,  440, 450,  454,  601  — K terrapin,  L 450,  454 — Cistude 
triunynis,  l 526 — Sannemye,  L 618  --//y£frasy>i>,  L 186— Aer’e- 
cnemys,  i,  131 — Emyda  ceylonensis,  l 657,  658 — Cryptopm 
Petersii,  l 657 — Cinos'.emoti,  u 6L  660,  618 — Ptyekemys  ruyotc, 

L 626—/Ionu>jnis,  l 173— Testudo,  l IL  61,  64,  15L  174,  186, 
292,  344,  385,  451,  MS.  569,  560—7’.  yrirca,  n 188.  SM.  3U. 
.340,  445,  452,  459,  5^  529,  682—7'.  iiidica,  u 327,  i*L  *62— 
7'.  elrjikantojius,  L 65,  88.  452.  529 — T.  tahnlata,  L 187.  445. 
529,  541 — T.  po/yphemus,  i.  446,  450,  454,  626 — T.  Conei,  l 529. 

Order:  LACERTILIA—i.  LL  M,  IM  LiL  387.  399,  M8,  525,  631, 

5.5.5,  .581 . 583,  585.—  Sub-order : Cbatasvra  : lYotorosaurux,  l. 

40.5.  — Sub-order:  Natantia — i.  17 — Mosasaiirus,  L xxxviii.  157. 
401,  402 — Leiodon,  l 387.— Sub-order : Repsixtia — i.  17 — Earn. 

■k. 

s 

I 
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Order : LA  CER  TILL  A — continued. 

Varanus,  l 68 — F.  ni/oiicus,  l 155.  174,  190,  191,  339,  386, 
404 — F.  bivittatus,  L 404 — F.  varicgatus,  404 — Monitor^  l 445, 
638 — Rrgenia  octUata^  l 625— Croeorfi/Mru^,  l 666 — Vu-pinamhit 
Ugncjeiny  l 401 — T^us  nigropunctatui^  l 156,  158.  388 — Crocc^ 
dUuru9^  L 646 — Lacertid<t^  l ^ 157«  401 — Lacerta,  ^ 174, 
292.  401,  433,  679.  633— L.  agilis,  4fU^  629,  ^ 617— 
L.  ocellata^  l 440,  508,  544,  680 — L,  muricatay  u 544,  556,  665, 
667 — L.  bdineata,  i*  586 — Zootoca  muralis,  l 583,  687.  699 — 
THchgdromut,  l 263,  401 — P$ammoMurue  griaeust  L 619,  665, 
617 — Phrgno$oma^  l 403,  666 — Tropidurut^  L 656 — Hoplurus^ 
L 556 — SteRio,  t.  445,  629 — Hgprranodon,  L 403  — ArdiacosomOt 
L 445  — ^/nWf<i,  l 567 ^Agama,  l.  446.  656.  686 — Lialis,  l 
557^Tropidoic{na,  u403 — Otocryptu,  l402 — Xiphosurua  velifer^ 
L 198  — LopkyruB  BaaiUicua^  l 402,  556 — Huitiurtu  (eyn.  Zo- 
pkura\  L ^ 198.  402.  656 — Draco  volans,  L xii.  ^ 156, 
175,  264,  268,  433,  434,  441,  445.  449,  451.  650.  680— CWa- 
mydo$aur%u,  l 656  — C(dliaaurus,  l 403  — Cgclura^  l 198  — 
Calotes,  L 402 — Galiotes,  l 446 — Jguanida,  L 402 — Iguana, 
L M : n.  21— /y.  (ubercutata,  L 6^  IMi  1^  ^ iMi  6M 
^Mflopoceros,  l 403 — A7nblgrhgnchua  aUr,  l 408 — Semiopkorus, 
L 566 — PolychruB,  l 526 — Corytkophane*,  l 666 — AnoHus,  l 
— Gfcl'otidtr,  l 263.  529 — Gecko,  l 667 — Ptyodactylua  Jimbriatua, 
L 625 — PlaJydactylua  gutiatus,  l 449.  620 — PI.  xnttatua,  l 629  — 
PhylluruB,  l 556 — Platurua,  L 654 — Aacalabotea,  i.  529 — Pygopua 
Irpidopxu,  L 657 — Z/murua,  l 555—Zonoaaurua,  l 666 — Tribo- 
tonolua,  L 505 — Trachysaurua,  l 655 — Ithynchocephalua  (b)tj, 
HatUria),  l ^ 1^  15^  6%%—Chameleo,  l 5^  178, 

191,  436,  439,  452 — CA.  fr^urcua,  l 156,  193 — Scincida,  L 198, 
388 — Scincua,  l 175.  198 — Sc.  o^cinalia,  l 401 — Cydodua,  L 5S 
— C.  niger,  l 155.  198,  387,  388,  402 — C.  nigroiuieua,  l 402. 
640 — Jiligua  acincdidea,  l 198,  527,  680 — Seps,  l 401 — Ckalcia, 
h 625 — Paeudopua,  l ^ 459,  625 — Bipea  tepidopua,  L 525 — 
Chirofea,  L 555^0phiaaurua,  L 158.  655 — Anguia,  L 5^  158. 
330.  447,  451,  524;  ii.  65—A./ragiiia,  u ilL  6^  5^  580— 
Awphiab(tnid<e,  i.  59 — Amphiabtena  /uliginoaa,  l.  158,  313 — Am, 
alba,  L 380,  451,  655 — Lepidoatemon,  L 120,  153. 

Order:  OPH/DlA—i.  \7j.  Mi  224-231.  261.  291,  338.  348.  393- 
308.  440,  448,  451,  460,  500.  501.  503,  507.  624,  531,  538,  541, 
5-~i3.  679.  585,  034-637.  640— ror^n>,  l Z95—7^hlop3,  l M& 
—Rbinophia,  l 348— .Cok/«,  l 338— /ten,  l 52^  6^  540^  5M 
— B.  constrictor,  l 5^  291,  617 — Python,  L 60^  148,  225,  292, 
451,  -159.  520,  564— F.  tigria,  u Mi  iiL  2^  ^ 394. 

453.519,  524,  539.  554.  565 — P.  Schlegeiii,  l 555^ — P.  aniethyaii’ 
nua,  h 568.  565 — P.  binttatua,  l 617 — Kryx  jacuiua,  l 654 — 
Xenodermua,  l 554 — Colubridtt,  l 395,  453^ — CAigodon  6t/or- 
quatua,  l 395 — Deirodon  (syo.  Rachiodon)  aeaber,  l Mi  Mi  ^93. 
440 — Dendrophia,  l 26\^Paammophia,  L 446,  450 — Coluber,  h 
447 — C.  guftatua,  u 446,  450 — C,  oonatriefor,  l 446,  450 — • 
FJaphia  idineatua,  l 5S0 ^ Dipaadida,  l 338 — Dipaaa  cynodon, 
L.  395 — Pasaerita,  L 327 — Dryinus  naautua,  l 395—Dryophia,  i, 
327,  338 — Bucephalua  capenaia,  L 395 — Xatricidte,  L 394,  666 — 
yatrix  torquala.  l Mi.  5Mi  M5^  631i  635— 

3 I 2 
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Order:  OPHIDIA — continued. 

Heterodon  nvgery  l 446 — }lomal(*p9Xt^  l 395 — Herp^icm 
culatum,  1*  327.  555 — Dietpholidu*,  L ViX^Hydropkid^^  l.  A.54 
— Hydrophifj  L 307*  397,  444,  563 — Pdamyg^  l 448.  o64 — 
yaiidff,  L ^ 555 — Bungarug^  i.  554 — Aaw,  i*  225.  231 — in- 
pudinng^  L Mi  397.  524.  665 — Viperid4r,  l 524.  616 — Vipgrrn 
btru$,  L 338,  397.  563,  586.  616,  636, 637 — V.  ctraeteg,  l 554.  599 
— y.  {Echidna)  art' tang,  l 524 — CrotaJida,  l *Mi  152.  225.  654 — 
Trigonffcepkalus,  l 398.  665 — Crotalus  hvrridug,  l Ms  394,  396. 
398,  441,  655 — Cr.  adamanteus,  L 446,  450,  454 — Cr.  duriggug, 
L 2^  228.  '2^  639, 

Order:  A,V0.V0Z>0*V77^,i.  16 — I^cynod<tniid<r,i^lG — Dujp7t»ilcfn,i.  159, 
160,  399— J?.  tigricrps^  l 192 — PtgcAogaathug,  l 400 — Cryptt*- 
dontidaf  L 16 — Oudcnodony  l 385,  400 — Rhyne kcgaurug,  i,  385. 
400. 

Order:  SAUROPTERYGIA,  Lxxxviii.  llL5Ii388 — Plegiosaurue.  l.  1C. 
51,  52,  181,  330.  388 — Polyptychodon,  l xxxviii.  387 — Pfunmur^M, 
L xxxviii.  Ml  Ml  171.  387 — Sphenosaurus,  u 53 — 

L 16.  M*  I®- — Placodug,  i,  16,  387 — Tanyeirophnts,  l 53. 

Order : ICHTHYOPTERYGIA,  l xxxviii.  1^  60,  158.  170.  388 — 
IvhthyoMurug,  l Mi  158-  17iL  1^  364  ; iii.  281  — 

Ich.  communig,  l 50 — Ich.  tenuirostrie^  l 159. 

Genetic  Section : Buakchootoca. 

Sub-cla&s : Dipxoa — i.  J,  ft. 

Order : BA TRACHlA—t.  1 5, 46,  85. 171.501.612.5.50. 652. 576. 57P. 

591.  696,  619 — Sub-orrler:  Thkhiomokpua  (»rn.  Anoura)^t,  15. 
533.  029 — Aghgsa,  l 16 — Pipid^^  i*  327 — Pipa^  L 16,  46.  4'.*. 

Ml  iMi  IMi  ML  ML  ML  MS,  ML  628  — 

tyiethra,  L 392,  527.  551 — D.  ^fuBgri,  l 551 — Cmtapkryg  ct*r^ 
nuta,  L 392,  4.59.  551 — Bomhwator  igntus,  l 527.  7>67.  6HI — 
Rhhi&phrynus,  l 436 — Kalophrynue,  l 552 — lin/onid^^  i.  15— 
Bi'fo*  L IIL  IMi  ML  629— JJ.  vu/garie,  L Mi  ^ ML  6^4~ 
B.  agua,  l 181,  552 — B.  cinereus,  l 527 — B.  tufjcrogug,  L 551  — 
B.  aejtcr^  l 551 — B.  calamita,  l 552.  629— //y/iJ«ir,  i*  15 — ifyia, 

L 262,  327,  434,  436 — //.  ixmtcoga,  u 527.  528.  658 — Sotctrrmg 
mar»upiatum,  l 551.  588.  606 — Oj>isthodelpkii  otifera,  615. 

651.  588.  616  —Euenemis,  l 392 — liatymantis  plici/rra,  i_  652— 
Polypedatfg,  l ML  454i  458.  ML  ML  ML  ML  ML  ML  ML 

652,  553,  567.  677,  579,  685.  591.  692,  616.  619-624.  629,  64»> 
—Eiosiay  L 436 — Hylorana,  ^652 — Banina,  i.  15 — Cystignath^s 
pothypug,  I.  50 — Pefobaifg  fugcug,  u 591.  592 — A'yteg.  l 663 — 
Ai.  of/gtetruying,  L 597,  616.  622 — Upero/euty  u 392.  662 — Rama 
temj)orana,  l Ms  49,  Ms  Ms  IMi  IMs  ML  319,  337.  392.  4ii5 
—li.  categhiana,  L.  446,  450,  454—  R.  egcvlmta,  l 4L  622—  R. 
boans,  h.  49 — BigeogtogguSy  L 892 — I^eptobrachium,  l 392-O.ry- 
glosfUg,  L 392,  436 — Myohairachug  jHiradoxngy  l Mj  386.  392. 629. 

— Sub-order:  Ichthtomorpha  {Vrodeio)^i,  16.  89.  216— 
gnandrid<9,  l Mi  182— macutoga,  L Mi  IL  132.  216- 

ML  ML  ML  ML  614-  &i/.  a/f«.L  49,  2I6-2I8.  337.  4>8, 
462,  602,  606,  507.  615,  516.  621 — Sal.japonica  (pjrn.  ungnt^ 
etdaia),  L 551.  615 — S.  gtutimoga,  1.  386^ — Triton,  i*  lA.  4L  290. 

337.  434,  602.  607,  ML  ML  ML  ML  ML  ML  ML  ML  «-6- 
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Order:  HATRACHIA — continued. 

628 — Tr.  crulaius,  L 615.  616,  629 — Tr.  marmoratut,  u S66 — 
TV.  tmiUttue,  i,  678 — Lissotritcn punctaiue,  L 597.  616 — Am- 
bystoma,  i.  662 — Plethodon,  L 652— J'/«liorfon,  L 561 — Flm- 
rodelet,  L 49 — Sirbotdia,  L 576,  677 — Menopoma  (sjTi.  Crypto- 
branchut),  L 48,  89.  UO,  390,  4^  44^  46L  4M,  606,  515-517. 
■ 627.  537.  .66, 5.  676 — Amphiuma,  L ^ 163,  170.  182.  330. 
451.  453.  506.  515.  616.  527  ; m.  164— .Vf»o6rane5(«,  u 88.  453. 
606,  514,  616 — Axolotet  (sjn.  Siredon),  L SJ,  506,  514,  .527.  552. 
683 — Ajc.  Tnarmoratus,  L 8J,  170.  347 — Proteus,  L ixxii.  170. 
181.  182.  330.  337.  347.  506.  514-516.  565.  576—Siren,  u ^ 
47,  179,  391,  448,  ^ 6^.5(^  ^ 837,543, 552,  565, 

583.— Sub-order : Opuiomohpda — i.  11^  49 — Cen-Uia,  i.  50. 
441,  449.  516.  551 — C.  albiventrr,  L 453 — C.  inlemipta,  L 453. 
Order:  LATtYRISTldOBOXTIA  — i.  xxiviii.  6,  14 — Rhombopholis,  i, 
15 — Lahyrinthodon  satamandroidcs,  L 363,  366 — L,  leptoynatbus, 
I.  392,  393. 

Order:  GAHOCEPHALA — i.  xzxviii.  6,  8,5 — Arckryosaurus.  i,  168. 

Class  : PISCES— I.  xxxTiii.  4,  ^ 76-84.  92,  12.5,  1^  U9,  1^  202,  243,  263,  2^ 
297  320.  331.  342.  3.50.  368.  409.  428.  4.56.  463-499.  533.  546.  568-575.  592, 
599-613. 

Order : PROTOPTKRI — i.  46,  82,  330 — Protcpterus  annectms,  i, 

Mxii.  31,  IL  4L  IM,  1^  LMd  22L  282-285.  413,  415,  41L 
451.  474,  475.  477.  482,  48.5.  486.  491,  498.  610:  ii.  302,  300: 
III.  163.  165  —Lrpidtisiren  paradoxa,  L 6,  37, 38, 82, 83,  107.  163, 
165.  249.  iTT-ZSO.  282-285.  290,  298.  370.  378.  383.  385.  391. 
415,  417,  42^  448,  45L  48L  494,492. 

Sub-class  : PtxoiosToiii — i.  7,  8,  253.  2,55. 

Order:  CHOXDROPTERI—i.  13,41 — .Sub-order:  BannES  — lx.  13, 
381  — Cephatopterida,  l 1 3 — Cephatopterus,  L 474  — Myiio- 
batida,  l n—Mytiobath,  l 13,  81,  3^  37^  373,  37^  378,  Hi ; 
in.  273 — Cydohatis  oliyodactylus,  l 181 — JEtobatis,  L 418 — Try- 
ynnida,  L 13 — Tryyon,  l 194,  474 — frdestes,  l 194 — Raiidre,  u 13 
—Raia  batis,  l 80.  201,  2TU  299,  302,  31^  474,  549,  561,  698— 
R.  clavata,  l 36,  271 — R.  macu/ata,  l 57.5—/?.  oxyrynckut,  L 590 
— Rhinnptera,  L 82 — Spinaikorhinus,  l 36 — Torpedinidx,  i.  13 
— Tarpon  Galmnii,  L 350.  41.5.  474—7'.  narce,  L 213.  325,  590. 
591 — T.  marmorata,  L 693 — X'arcine,  l 78 — Rbinot/atidse,  L 13 — ■ 
Rbinobates,  L 3^  169,  474 — Pristidie,  l 13 — Jbnstis,  L 81,  252. 
329.  373.  378,  383,  42fi,  427.611— Sub-order : .Selachii- 1. 13— 
Zyymiiltr,  i.  1^  SS6-  Zyyma,  L 36,  81,  336.  423,  426,  4Hi  C92 
— Squalinidtr,  L 1.5 — Sqiwtina,  L 33,  36,  76-78.  81.  8^474 — 
Scymniidte,  L IS— Scymnus,  L 3^  373.  474 — Sc.  lickia,  L 78 — 
Sc.  nicmwis,  L 690 — Alopieidce,  i.  IS  Laninidie,  l 13 — Lamna, 
L 33,  204,  364.  37L  iZli  490—/-  eomubiea,  l 33. 

SSS—Selache  maxima,  L 33,  273,  334,  115,  HI,  423,  4^  534, 
670.  611 — Prionodon,  i.  377.  378 — XictUantes,  l 13, 336 — Galeus, 
l 33,35,  334.  336,  423,  426.  427,  474,  536,  575— SIcoliodon,  L 422. 
675 — Galeocerdo,  l 422 — Otodus,  L 372 — Carcharias,  L 33,  35,  39. 
80.  81.  273.  276,  283.  372.  422.  474 — Carcharodon  meya/odon,  l 
STS—SeynUdte,  l 13,  i2S—Scyliittm,  L ^ 3^  32^  474,  575, 
590,  609,  610 — Sc.  eanicula,  l 598,  610 — Spinacidee,  L 13,  423—* 
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Order ; CHOyDROPTERT — contiyiMed. 

Acantkuu,  L 3^  3^  474.  486 — Sjknax.  L 413,  423,  570.  A90.  610 
— Sp.  acanlhitu,  l 168,  415.  573— A/opUu,  i.  39i  422.  423.  474. 
610— Cnttriaa,  i.  85 — Otniropkortu,  i.  474 — yotidanid4t.  l 13 — 
yolidanut  cinmut,  l 3^  Mi  373.  598 — Mtulelut,  L 35,  474.  486 
— M.  Irvii,  L 575,  610 — Haanchtif,  L iJi—Hiptanckus,  i.  39. 
474 — Thalasforhiniu,  1.  422. — SnlM)rder:  CsStbophoki — i,  13 — 
Fam.  Cutracwnlida,  l 13 — Ctstracion  Philippi,  l 79,  378.  384, 
398 — Fam.  Hyhodontida,  L 13 — Hyhodiu,  l 378 — Ctfnadu*,  i. 
369.  378 — Crratodut,  L 369.  385 — Petalcdiu,  l 371 — Psammodtu, 
L SIS  — Aerodut,  L 378. 

Order;  HOLOCEPHALI—i.  1^  35,  41— CTiWri.l*’,  i,  13,  293— OU- 
mtrra  momtirosa,  i.  32i  M,  276.  304,*  378,  489,  590 — Calloriyn- 
chau  australU,  L .598. 

Sub-cIa«B : Telbostoxi — i.  7,  572. 

Order:  GAyOIDEI — i.  xxri!.  12,  IL — Snb-order:  PLicooajcoroKi — 
I.  xxxriii.  12 — Osiracostei,  L 12 — Coccoslau,  i.  196.  197.  247 — 
Plfrichlhyt,  L 1^  197 — Crphala*pi$,  L 197 — Slutionidat,  l 12,  41. 
246.  478 — Acipenser  tturio,  L 1^  32,  34i  71i  196.  274.  41 1.  415. 
474,  468 — iL  brtvirostru,  l 196 — A.  trypha,  l 196 — Ptanirottra 
(ayn.  Spatularia)  spaltUa,  L 75, 410,  411. 415,  416,  421,  482,  486. 
— Sub^order:  LEPinocAnoiDEi — 1. 12 — Holoptychidr,  — Drm- 

drodut,  L 367.  368.  378 — Holoplyckitu,  i.  378 — Hhiiodut  (pro- 
bably a GanocepkaU),  L 378 — Ccdaaxntki,  i.  12 — Macropovaa,  u 
424 — Gyrosleus,  L 24 — Bolkrioirpu,  L 378 — Dipttridm,  i.  12 — 
DipUrut,  L 12 — Acantkodei,  L 12 — Acanikodft,  L 12 — l^rptoit- 
pid<t,  I.  1^  193 — Lrptdfpit,  L 12 — Lepiduidd,  l.  12 — Daprdiat,  l 
12 — Dpidolut,  L 247 — Amblyptmu,  L 196 — Mfaalicktkus.  r.  378. 
424 — I^cnodontida,  i.  1^  378 — Pycnodau,  l.  12 — Mifavdar,  i.  248 
— Salamaaadroidfi,  l 1^  111 — Lepidotttau,  i.  33,  108.  195.  247. 
275.  378.  485,  499,  548.  549 — L.  oxyaras,  l,  378 — L.  platyrkimaat. 
L 3i6—Pclypterau,  i,  xxrii.  37-89,  «,  44,  1^  108,  Ul,  118, 
120,  129,  1^  16^  1^  195-197.  247.  417,  422.  427.  480.  491. 
494,  499,  500,  549 — Sudit  (syn.  Arapaiaraa)  gigat,  L 41,  118, 120, 
123,  247,  3V1—Amia,  L 37,  38,  1^  M7,  422,  174,  492. 

Order;  LOPHOBRAyCHIl — i.  1^  149 — Syngaaatkadm,  l 12 — Syagaa- 
thus,  L 39,  195,  4^  676— S.  acau,  L 613—5.  opkidioa.  i, 

614 — Hippocaanpida,  L 12 — Jlippocampau,  l 614 — Pegatau  draar, 
1.125. 

Order:  PLECTOGyATHl — i.  11. — .Sub-order:  Am-Kriu — t.  11 — Oa- 
Iraciontidtr,  L 11 — Oairaeion,  i,  26,  212,  421 — Gymaodoaatidx,  s. 

1 1— OrMo^riwue,  L 21^  271,  ML  334-336,  422,  480,  536— 
Trirodon,  1.  41,  4^  43,  M,  212,  M®,  416.  481,  491— Diorf.-a,  l 
109,  118,  124,  m,  272,  306,  378,  41^  478,  481,  491— Sub- 
order; ScLERODEEXi — I.  LI  — BaliatM,  L LL  ^*7 — BalitUt,  i. 
107,  193,  194,  306,  377.  382,  378.  421. 

Order:  ACAyTJlOPTERI—t.  10,  11,  193— Lop*i7rf<r,  i.  II— 

Lopkiut  pitcatoriaa,  L M.  I>9.  124.  IM.  IM,  IM,  209.  M4,  376, 
378.  381.  383,  412,  42L  422,  478,  4M,  4M,  M6,  56L  ML  612 
— Aiitennariiis,  l 430,  477.  480,  567— Ba/rackut,  L 164,  630, 
481,  m—Mallkaea,  u 326,  430,  *61— Halirutaea,  L 826,  *78— 
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Order;  ACAXTHOPTERI—eontinufd. 

BUnniida,  l 1L  6^9—Blenniut,  i.  27^  298,  302.  590— SoiiriVu, 
L 899 — Zoarea,  i.  546.  574.  600 — Anarrkiehas  luput,  L 376,  421, 
437 — Golmdit,  L 14 — Gobiiu,  l 614 — Ptriophthalmut,  L 275 — 
Catlumymm.  L 612 — Uitcoboti,  l 114 — CpHopteru*  lumptu,  L 180, 
284,  298,  306,  421.  534,  536,  569,  612— C.  liparit,  L 481— 
JjtpQi/offaMter^  L 481 — GroAirjox,  L 480 — CoiylUt  1.  481 — Fisiu* 
lariida,  L.  13.  41— Cen/rucue,  L 164,  193,  421  — C.  Kolopaz,  1. 
164,  193 — C.  humerosut,  L 194 — AuJostvmus  Jutuiaria,  I.  107, 
109.  124 — Tkeutidida,  L 1 1— .4ra»/5i<rK*,  L 377 — Priodon, 
L 372.  377.  378 — Xtueus,  Siganutt.  i.  164— Xaeriu  itnicornis, 
L 114 — Lepidopus,  i.  xzxiii. — Lepidopua  argtHtau,  i,  180,  420 
— TTii/rtila,  L 612 — Gempylut,  i.  xxiiii.,  612 — Trichiunu,  L, 
ixxiii.  370 — Drnioidti,  l 11  — Gymnetrus,  l 493 — Trachy- 
ptfrut,  L 417.  493 — Sdrrogtnida,  L 11,  123,  166 — Triyia,  L 271. 
284.  298,  326.  421— TV.  Lyra,  L 101,  426,  430,  428.  869— TV. 
eueiduji,  l 491— TV.  hirundo,  l 491,  W—Dactyloptenu  (ijn. 
Opkalocanthiu),  l 1 19.  16L  25L  27L  111,  612— CeWuJ,  L 168, 
284.  298.  302.  415.  421.  430.  448.  480.  569 — PiatyctpkaluM,  L 43 
— Pr'umotut,  L 491 — Sebatta.  l 427.  480 — ApUUt,  L 480 — 
Seorp<rna,  L 430.  480 — Se.  terofa,  L 473 — Gtulerotlftu,  L 193, 
298.  421.  594.  596.  599.  601.  614 — Scomherida,  i,  H,  254 — 
Scomber  ecomhnu,  l.  204,  297,  306,  418,  421,  542— &.  traekinue, 
L 283— T^ywniw  vulyarit^  L.  3^  43,  107.  468,  490,  548— 
CToU*.  I.  612 — Eekeneit  remora,  L 196.  21 1.  274.  298.  377.  426. 
612— .4ium  Cylrium,  L 490.  493— Ziciia,  Caraua,  Vomer,  L 
xxxiii. — Aryyreioeue  eetipinnie,  1.  44 — A.  vomer,  j.  108,  116,  154 
— Zeu$,  L 119,  480 — Lampru,  l 166— Laclariut  delicalulue,  L 
492 — Stromateue,  L rxxii.,  612  — Str.  fiatola,  L 415.  612  — 
Corypkrma  (syn.  Lampugus),  l 611 — Xipkiae,  L 38,  107.  118, 
179,  252.  332,  334.  420.  427.  479  : IL  64 — HUtiopkorve,  L LLl 
— Spkyrtenidie,  L 1 1 — Spkyrma,  i.  372,  375,  377.  378,  382,  426, 

491 —  Atkerinid^,  L 11 — Mugilidte,  L U,  410 — Mugit,  L 37,  166, 
418 — M.  labrottu,  L 410 — .V.  cephaltu,  L 550 — Aikerina  pret- 
hyter,  L 425 — Tetragonurue,  1.  415 — bfullus,  L 283,  300 — 
I’peneut,  l.  120,  306,  427 — Labyrinlholrranckii,  L 5,  11 — TW- 
ekogatler,  l 326 — Anabae,  i,  U,  478.  487 — Opkweepkalut,  L 401 
— Ilrloetomiu,  L 373— Oepkromeniu,  L 326 — Sct^idte,  L.  11 — 
Scurna,  L 421.  427.  492— Cwrriiui,  L 426.  492 — C.  trispinoea,  i, 

492 —  Microjtogon,  L 491 — Johniut  lobatiu,  i,  418.  490 — Sparid^, 
L li,  421 — Ckryeopkru,  L 382 — Spann  (Epihulue)  ineidialor,  L 
1 19, 122,  250 — Pagriu,  L 612 — Canikarut  i itlgaru,  L 491 — Bar,  L 
415 — B.  vutgarit,  L 421 — B.  taJpa,  i.  421 — Sargut,  L 21,  283, 
390,  377.  382.  417 — Boope,  l.  311  — Haplodaclylue,  L 311  — 
— Lrtkrinue  atlanticue,  l 491 — PrutipomaiUbe,  L,  415 — M^*d^, 
L 119 — kf^na,  L 491 — Conodon  antiUanue,  L 491 — Cmsio,  i. 
415  — Smarit,  L 101  — Squamipianes,  1.  11  — Ckatodou,  L H, 
370 — Epkipput,  L 108.  110,  111.  343.  612 — Pteltue,  L xxxiii. 
— Platttx,  I.  39,  371,  612  — IHUet  maeulatiu,  l 491 — Per- 
eidrt,  L 11,  318  — Perea,  i.  11.  43,  101 — P-  flurialilu,  u 
91,  10^  106,  109,  125,  202,  205-211.  2H.  218.  29L  S04- 
306,  336.  342.  369.  416.  430.  432.  467.  472.  571.  590— Late* 
nUoticui,  L 426— Lalee  noii/u,  L.  427 — Labraz  lupus,  L 428 — 
AntkUu,  I.  612 — Lucioperca  tatulra,  i.  283.  297.  305,  416— 
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Order;  ACAyTffOPTERl—^^ontinufd. 

Centroprtsiis  ffiffos,  i.  2ol — Acfrina,  l ^30 — Polypri^,  l 
108,  120 — Xandtu,  l 489 — //o/ocen^ritjw  ori^tale,  u 42-d — 3. 
hutatum^  L 425 — H.  Sogho^  l 426.  438 — .Vyrrprw/w,  x,  J31 
— Bmjx  Trachinidte^  L 493  — Trackintu  draco,  u 283 — 7HcA<n/:>«. 
I,  377 — PrrrU,  u 493 — Vranoacoput,  u 119.  326,  331 — Su~ 
fago  L 491 — Ptrcophia.  l 493 — iScginmc^  l 493 — PUymrL-.mOy 
L 27 L 326.  493— Sub-order:  pHABTXooGNATm — i,  IV,  120 — 
Ctenolakrid<t,  l U,  429 — HeiuuUs  insolattu,  l.  491 — G/f^'pkut»~ 
don.  L 41 — Gi.  ioxatilUy  L.  426 — Pomacfntr%t^  i.  11 — 
lahridtp,  l W—Lahrus.  l 3W.  370-372.  375.  377.  410.  421. 
612 — L.  turduh,  L 426 — CoMpphus.  l 371 — Scarus,  i*  34.  166. 
369-372.  377.  378,  382— CV^r/nu,  l U9—Crmi/ahrMs,  u 374, 
41Q — JhHs.  l 4I0 — Chfilintts,  u 120 — Ckatropg,  l 410 — Ckr»~ 
mid<ty  L 11 — Chromia^  L 11 — Holconoti,  l 614. 

OMer:  AyACASTHiyi~\,  \Q—Ptfurrmcctidtp,  i,  Hi* 

275.  331.  334.  569.  67 k—PUuroncctea,  i.  121,  468 — P(.  *Coc. 

L ii  21^  546— P/.  piaUssa,  l i§.  2J^  431,  432,  696—Rkc^^‘^ 
maximua,  l.  4^  278.  427,  430— xantkurus.  l 415 — Citk^rt- 
ntis,  u 1 16,  370 — Hippog!o9fus  vulgaris,  i.  42,  1 10.  1 12.  1 15, 
297.  299 — Btiglotsus,  l xxxiii. — Af  kirns,  u xxxiii. — Moncckir, 
zxxiii. — Sgnaptura,  l xxxiii. — Solcotal pa,  i,  xxxiii. — Gadtd^.i^ 
l(b  IMi  43^  k9S—Gadits,  u 43,  29L  421,  432,  468, 

481,  489,  492— (7.  ^irjinus,  i,  40 — G.  navaga,  l 38,  492 — G. 
caUarias,  l 483 — Morrkua  vulgaris,  l.  ^ 9^.  95-100,  107,  109- 
113.  115.  117-121,  123-126,  164-166.  179.  271-274.  276.  278- 
280.  282,  284.  298,  301-303.  305.  306.  306.  309,  421,  4»). 
495.  569— 7*AyrM.  l 180— .Vrr/ittvi'iM,  l 300,  5LL  672— Lota,  l 
297 — Merlangus  vulgaris,  u 428.  431 — Bamctps  trtfvrcatMS,  l. 
180 — Amm4?dgtes,  h 417.  426.  468,  647 — Am.  tobianus,  i,  468, 
543.  568. 

Order:  MALACOPTKHl — i.  9 — Sub-order:  OrHn>in>.«.  l 10 — Opld- 
dium,  L 10 — 0.  harhatum,  i.  43 — Sub-order:  Phabt3coi>gx4TH1, 

L 10 — Scirmhtresox,  l 1 0 — Bclvne,  l 283.  297,  306,  432,  468 — 
Exocatus,  L.  167,  257.  271.  377.  413 — Sub-order:  Abdomixaixa, 

L 10 — Alcfdsaums,  L lOSilurida,  l 193,  248,  299,  325.  42J, 
425 — SUurus,  l 166,  167,  335.  371—5.  glanis,  L.  369,  457. 
468,  489 — Amphipnous  Cuchia,  l 481,  487 — Saccohraack^s, 

L 488  —Hfterobranchus,  l 108,  487 — Malapterurus  ^acfhcHS, 

L 350,  355.  496— .V.  henincnais,  L 350 — Arius,  l.  491 — A^ 
gagora,  i.  491.  500 — Bagrus  filammtosus,  L 491.  492 — Lori* 
ca'ria,  l 38,  IL  42,  493- PrOTe/orfiw,  i,  2^  335.  374^  427. 
491 — Pangasius,  u 491 — Hgpostoma,  i,  493 — Hkineirpis,  l 
493 — Sgm^ontis,  l 108,  666—Auckrmptcrus  furcatus,  l 491. 
496~CW/K'AMy5,  l 108,  290.  614 — Vyprtnida,  l 1^  43^  410, 
417,  489— Cy;>riniw  carpio,  l 1^  21^  286i  2^  345— 

T\nca,  L 297.  370.  488.  602 — T^uciscus  cgprinus,  l 275.  286, 302 
— L<i5ro/#ar5ttv«,  l 410 — Brama  (syn.  Ahramis),  i,  297,  432,  589, 
6n—Cobitis,  h 27^  ‘Mi  ^ ^ ill:  U-  303—6’.  harbaitda, 

L 345,  500,  547 — C./osjiilis,  u 491.  590 — CyprinodoTttidst,  1. 10 
— Cyprinodon,  l 10— Anab/cps,  l 373.  421 — Pscilia,  l 373 — 
Mormyrid^,  l 10 — Momtyrus,  l 118 — M,  longipinnii,  u 
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Order:  MALACOPTEIil — continued. 

36U.  355.  416.  417.  488— .V.  oxyrhynchus^  l 350 — M.  dorMlig^ 
L 350 — M.  PeUrni,  l 410 — Gymnarchug  nitoiuruSf  l 350 — 
f^ocidit,  u 10 — Egox  lucittg,  l 10.  ^ 2^  34^  3^  4;^  468. 
489,  547.  595,  603 — Galaxida,  l 10 — Chnrarimd^,  l 10 — 
Erythrinus,  l 116.  120 — E.mfvus,  l.  492 — E.  ttfniatue,  l 492, 
\^i-~~Myletea,  l 369 — Uydrocyon^  L 116 — Cvtylis,  U 481 — Sco- 
petidit^  L 10 — Saurus,  l 10 — Salmonida^  l 114.  180,  254, 

ZVl—Salmo,  L ^ 44,  W ^ ^ 4^  4^  468,  4^  547, 
592,  59.>— j?.  salar,  l H9,  ^ 4^  G\^  613— eriox,  l 44, 
165.  180 — S./ario,  l 179.  614 — EprrfanuSt  l 298 — 77iyvied/us,  l 
43— .Va/Zo/m,  l 600~Ctupeui^,  l 1*\  272 — Clupm^  l ^ 297. 
306.  421,  468— C.  karenyus,  l 4^  2Mi  432— C.  sprattug, 

L 283.  430 — Atom  vulgarie,  l 481.  569 — C.  pilchardus^  l 4il 
^FJopg,  L 125 — Heterojn/gii,  l \0  -AmMyopsiSt  L.  xxxiii.  10 — 
A.  gpelaus,  l 27^  277^  2^  2^  2M,  ‘2^  ^ 421 ; iii.  98.— 
Sub-order:  Apodks — i.  Ifl* — Gymnotid^e,  l lOj  179 — Gymnotus, 
L 4^  2U^  3^  409^  489  — (?.  eiectrieus,  l 352-354.  356.  357. 
491,  569 — G.  eQiti/abiniug,  i.  491 — Murttnid^.  u 10,  41,  118,  315, 
411— .VurtfTW,  L 122,  ^ 4^  489;  il  65— .V  hetena,  l 4^ 
113 — Murtmophis,  l 125,  478.  489 — Anguit/a^  l.  10,  124,  275. 
284,  298,  468,  495,  546 — Conger  vutgarU,  l 43 — Apttruhthys 
ftfCMjr,  L 331 — Sphagehranchua,  l 478 — Leptoccpkalue,  L 611  — 
Synbranchid^^  l 10 — yfonopierus,  L 481.  486 — SynbranchuSt  l 
116.  478,  482,  486. 

Sub-class : Dkrmoptbrx— i.  7,  ^ 271. 

Order;  CYCLOSTOMI — t.  9,  211 — Pe/romyeon  (syn.  Ammoartes),  L Zi 
9,  ^ U4,  ^ ^ 41^  4Mi  ilL  ili  ^ ^ ^ ^ 

590.  611— iVyxinc,  L 9,  ^ ^ 3^  4^  ilL  47^  598— 
heptatrema,  l 468.  471.  475,  477.  535. 

Order;  CIEE08T7)M[ — i.  9 — Branctiiostoma  (siti.  Ampbioxus),  l L 
^ ^ ^ ^ 41^414,  ^ dlL 
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ABDOMINALES,  character  of,  L IQ 
Abramis.  Sef  Brama 
Abaorl>ent  aystcm  of  Ares,  ii.  178 
Fishea,  L 455 
llscmatocrya,  L 455 
Mammalia,  iii.  504 
Reptiles,  L 458 
Acanthiaa,  gills  of,  L 486 
heart,  i.  474 

vertebral  column,  L 25 
Acanthini,  characters  of,  L Ul 
Acanthodei,  characters  of,  L 12 
Acanthodes,  characters  of,  L 12 
Acanthopteri,  characters  of,  h 10.  II 
dcrmoekeleton,  L 193 
skuU,  L 112 

Acantburus,  teeth  of,  L 377 
Acerina,  pjloric  appendage  and  pancreas 
of,  L 4311 

Acerolherium  incisivum,  characters  of,ii.286 
bones  of  limbs,  ii.  455 
development,  iii.  742 
horns,  iii.  624,  631 
teeth,  iii.  356 

Acetabulum  in  Man,  ii.  574 
Achirus,  characters  of,  L xxxiit 
Acipenser  brerirostris,  dermoskeleton  of, 
L IM 

Acipenser  scypha,  dcrmoekeleton  of,  L 196 
Acipenser  sturio.  characters  of.  L 12 
alimentary  canal,  L 411,  415 
dermoskeleton,  L 196 
heart,  L 474 
mvelencephaloo,  L 274 
skull,  L 14 
veins,  L 468 

vertebral  column,  L 32,  34 
Acrodus,  teeth  of,  L 378 
Adipose  substances,  iii.  783 
Adrenals  of  lliematocrja,  L 342 
Aves,  ii.  229 
Fishes,  L 542 
Keptiles,  L 543 
Mammalia,  iii.  568 
Altobatis,  alimentary  canal  of,  L 418 
iEpTomis,  characters  of,  ii.  13 
gcaerative  system,  ii.  256 
Agama.  alimentary  canal  of,  L 445 
teguments,  L 586 

female  organs  of  geoeratioo,  L 686 


AMB 

Aglossa,  characters  of,  L L5 
Ai,  bones  of,  ii.  398.  et  aeq. 

Aigoceroe.  See  Antilope  equina 
Ailurus,  alimentary  canal  of,  iii.  445 
limb-bonwA,  ii.  501 
mammary  glands,  iii.  780 
teeth,  iii.  334 
vertebral  column,  ii.  494 
Air  swallowed  bv  some  Ashes,  L 255 
Air-bladder  of  Fisbos,  L ^ 265,  491 
Air-cells  of  bones,  L 25 
of  Aves,  ii.  21 1 
Air-passages  of  Aves,  ii.  217 
Alactaga,  characters  of,  ii.  276 
Alauda,  characters  of,  ii. 

Alca,  alimentary  canal  of,  ii.  163 

osseous  system,  ii.  ^ ^ 24^  25 
Alca  impennis,  air-cells  of,  ii.  214 

osseous  system,  ii.  2^  2^  ^ 56, 
58.  71 

Alcedinidse,  characters  of,  ii.  II 
Alcedo,  alimentary  canal  of,  ii.  161 
eggs,  ii.  256.  257 
lower  larynx,  ii.  221 
Alces,  characters  of,  L xxxii 
boms,  hi.  630 
larynx,  iii.  594 
ski^,  h.  478 
teeth,  iii.  351 

Alepisaurus,  characters  of,  L 13 
Alimentary  canal  in  Aves,  ii.  166 
Fishes,  L 409 
Mammalia,  iii.  383 
Reptiles,  L 433 

Allantoic  orifices,  reptiles,  L 447 
Alligator.  Sie  Charopsa 
Alopecids,  characters  of,  L 13 
Alopias.  alimentary  canal  of,  ju  422.  423 
development,  L 610 
heart,  L 474 
vertebral  column,  L 33 
Alosa  vulgaris,  gills  of,  L 481 

male  organs  of  generation,  L 569 
Alytes  obstetricans,  development  of,  L 622 
oviposition,  L 616 
ovulation,  L 597 
Alytes,  teguments  of,  L 553 
Amblyopsis,  characters  of,  L xxxiii.  10 
Amblyopsis  speleetis,  alimentary  canal  of, 
L424 


Digitized  by  Google 


860 


GENERAL  INDEX. 


AMB 

Amblyopsis  spclnBUs—evw^iMKfrf. 
nie»(>ncoph:i!on,  iii.  ^ 
myeleoccphalon,  L 275.  277.  284.  287 
ni^rves,  L 298,  299 
organ  of  eight,  L 2^ 

Amblypt4'ru8,  dermoskeleton  of,  L 196 
Amblyrhynchus  ater,  teolh  of,  L 403 
Ambystoma,  togumenU  of,  L 552 
Ameira,  reproducible  parte  of,  L 567 
Amia,  air-bhulder  of,  L 402 
vertebral  column,  L 38 
ekull,  L ll>8 
locomotion,  L 247 
alimentHTy  canal,  L 422 
heart,  L 474 

Ammocielcs.  See  P<‘tromyzoii. 

Amiofnlytee,  alimentary  canal  of,  L 417 
liver,  L 42fi 
tf'gument,  L 647 
veins,  L 468 

Ammodytes  tobianua,  adrenals  of.  L 543 
miilo  organs  of  genorutiun  of,  L 568 
veins,  u 468 

Amphica’litt,  characters  of,  L xxxviii, 
vertebral  column.  L fifl 
Amphic^on,  teeth  of,  iii.  340.  372,  375 
Amphipnous  Cuchia,  gills  of,  L 481,  487 
Amphisbama  allwi,  liver  of,  L 451 
teeth,  L 386 
t^fumenta,  L 555 

Amphis)>tena  fuliginosa,  nerves  of,  L 313 
skull,  L 153 

Amphisbfenidie.  vertebral  column  of,  L 52 
Amphisorex  tetragonurus,  alimentary  canal 
of.  iii.  4^ 
skull,  ii.  389,  390 
teeth,  iii.  305,  306 

Ampbiuma,  characters  of,  L xxxiii,  5 
arteries,  L 515 
gills,  L 515 
heart,  L 506 
larynx,  L 527 
liver,  L 451 
organ  of  smell,  L 330 
pancreas.  L 453 
pectoral  limb,  i.  163.  170 
polnc  arch  and  limb,  L 182 
scapula,  iii.  164 
Anabas,  characters  of,  L 11 
gills,  L 11^  4^ 

Anableps,  alimentary  canal  of,  L 421 

tci-th,  L ^ 

Anacanthini,  characters  of,  L 15 
Anarrhicas  lupus,  absorbents  of,  L 457 
alimentary  canal,  L 421 
teeth,  u 376 

Anas  lioschas,  artorios  of,  ii.  190,  193 
beak,  ii.  148 

generative  svstem,  ii.  244 
organ  of  siglit,  ii.  136,  140 
sacral  vertebne,  pelvis,  and  tail,  ii.  32 
te^monlaiy  system,  ii.  235 
Anas  clangula,  lower  laiy’ux  of,  ii.  220,  225 


AXT 

Anas  fuses,  lower  larynx  of,  ii.  220 
Anas  galericulata,  period  of  in<rubwtios 
ii.  251 

I Anas  moschata,  scent*glands  of,  ii.  230 
: Anas  (Casarra)  rutila,  peritsd  of  iocabaxi 
of,  ii.  257 

Anas  sandvicensis,  external  sexual  char&c* 
ters  of,  ii.  257 

Anas  somipalmata,  lower  larynx  of,  i». 

I Anas  sponsa.  period  of  incubation  of.  ii.  ^ *7 
: Anas  vulpanser,  period  of  incubatiofi  i:. 
252 

Anatidce.  Sre  Lamellirostratie 
Ancitherium,  characters  of,  ii,  284 ; in. 
792 

Androdon,  sexual  characters  of,  ii.  258 
Anguilla,  characters  of.  L Ii) 
air*blu<lder  of,  L 495 
myelcncephalon,  L 275.  284 
nerves,  L 298 
skull,  L 124 
teguments.  L 546 
veins.  L 468 

Anguis,  alimentary  canal  of,  L 447 
liver,  i.  451 
lungs,  L 524 
org:\n  of  smell,  L.  33Q 
scapular  arch,  ii.  65 
skull,  U 158 
vertebral  c«»lumn.  L 59 
Angnis  fragihs,  alimentary  csnal  of,  i.  417 
adrenals.  L 543 
lungs,  L 524 

I male  organs  of  generation,  L .580 
I Animalia.  L v.  riii, 

Anolius.  vertebral  column  of,  L 49 
Anomalurus,  derm  of,  iii.  612 
scales,  iii.  623 

Anomodoutia,  characters  of.  L 16 
Anoplotherium,  characters  of,  L xrii,  xxxi.. 

, ii.  2Mi  2M 

I teeth,  iii.  34(h  34L  37^  7^ 

Anser  gambensis,  claw  or  spur  of,  ii.  74 
'<  Anser  palustris,  al^sorbonts  of,  ii.  ISI 
adrenals,  ii.  229 
air-cells,  ii.  216 
alimentary  canal,  ii.  161 
arteries,  ii.  193 
l>aak,  ii.  148 

development  and  peculiarities  of  the 
chick,  ii.  264 
geoemtive  system,  ii.  245 
lower  Larynx,  ii.  221 
lungs,  ii.  209 

myelencephalon,  ii.  118,  120 
nerves,  ii.  123 

organ  of  sight,  ii.  136.  139.  142.  1 14 

pancreas,  ii. 

tongue,  ii.  152 

trachea,  ii.  220 

veins,  ii.  206 

Anteater,  Cape,  bones  of,  ii.  395,  404 
Anteater,  Great,  booe«  of.  ii.  3^ 


Digitized  by  Google 


GENERAL  INDEX. 


861 


ANT 

Antoat<*r,  Great — continued. 
mu.K'lfs  of  tongue,  iii.  23 
Kalivarv  BVBtem,  iii.  400 
stomach,  iii.  446 

Antsatcr,  scaly,  bones  of,  ii.  396 
skeleton,  ii.  279 

Anteohinus,  prosencephalon  of,  iii.  liH 
Antelope,  bones  of,  ii.  462,  472 
Antelo^x^s,  peculiar  glands  of,  iii.  632 
Antennarius,  gills  of,  L 477.  480 

pyloric  appendages  and  pancreas,  L 430 
reproducible  parts,  L 567 
Antliias,  changes  of,  accompanying  growth, 

L on 

Anthochiera,  skull  of,  ii.  ^ 
Anthracotherium,  characters  of,  ii.  286 
teeth,  iii.  343 

Antibrachial  bones  of  Carnivora,  ii.  507 
Antilocapra  Americana  (sya.  DicrancsreroB, 
horns  of,  iii.  625,  626 
skull,  ii.  423 

Antilope  cervicapra,  horns  of,  iii.  626 

eland  opening  upon  the  head,  iii.  632 
limb-bones,  ii.  482 

Antilope  (Aigoceros)  equina,  alimentary 
canal  of,  iii.  462 
liver,  iii.  482 
skull,  ii.  473 

Antilope  corinnn,  gland  opening  upon  the 
hoiia  of,  iii.  635 

Antilope  dama,  mammary  glands  of,  iii. 

719  I 

Antilope  dorcas,  mammary  glands  of,  iii. 
reins,  iii.  565 

Antilope  (Cephalophus)  meigens,  horns  of, 
iii.  626 
skull,  ii.  473 

Antilopo  oreas,  mammary  glands  of,  iii.  779 
Antilope  (Tetraceros)  quadricomis,  boms  of, 
iii.  625 
skull,  ii.  473 

Antilupe  rupicapre,  suborbital  pit  or  sinus 
of,  iii.  632 

Antilope  stropsiceros,  myelon  of,  iii.  2Z 
skuU,  it.  473 

Antilope  tragelephus,  horns  of,  iii.  626 
Antilopidse,  characters  of,  ii.  286 

glands  opening  upon  the  head,  iii.  633, 
634 

horns,  iii.  624,  625 
limb'bonos,  ii.  483 
Apistes,  gills  of.  L 480 
Apleuri,  characters  of,  L 11 
Apod<w,  characters  of,  L lH 
Aptenodytes,  characters  of,  L 25;  ii.  9 
absorbents,  ii.  180 
air-cells,  ii.  214 
alimentary  canal,  ii.  156 
osseous  system,  ii.  16^  12i  2^  ^ 41, 
^ ^ 62 

Aptcrichthys  cacus,  organ  of  smell  of,  i.  331 
Apteryx,  cWactors  of,  L xxxiii.  25 ; ii.  12 


ART 

Apteryx — continued. 
air-cells,  ii,  214 
alimenUiry  canal,  ii.  162 
genrmtive  system,  ii.  248.  256,  2.58 
liver,  ii.  Ill 

muM.’uI»r  system,  ii.  ^ 21 
organ  of  sight,  ii.  140 
organ  of  smell,  ii.  130 
os.s«ouK  system,  ii.  18-22.  30,  34-36, 
38,  48-53,  55,  62-66.  70.  74-76.  81. 
82 

Aptomis,  characters  of,  ii.  13 

ossc'ous  83’stem,  ii.  ^ 4^  ^ 58|  76^ 

Z6 

Aquila,  characters  of,  ii.  12 

alimentary  canal,  ii.  158. 171 
development,  ii.  259 
liver,  ii.  176 
lower  laiynx,  ii.  220 
myelencephalon,  ii.  119, 121 
osseous  system,  L 2^  ii.  21.  32.  36, 
^ 12, ZL  89 
Arbor  vit»,  Fishes,  L 275 
Archegosaurus,  skull  of,  L 158 
Archcncephala,  characters  of,  it.  247 ; iii. 

127.  138 

Archeopteryx,  characters  of,  ii.  13 
restoration  of,  ii.  586 
scapular  arch  and  limbs,  ii.  Ii. 
tail,  ii.  38 

Arctictis  {eyn.  Ictides)  albifrons,  alimentary 
canal  of,  iii.  445 
limb-bonos,  ii.  508 
liver,  iii,  491 
lymphatics,  iii.  508 
vertebral  column,  ii.  491 
Arctocephdlus  australis,  skull  of,  ii.  496 
Arctomys,  alimentary  ritual  of,  iii.  424 
‘limb-bones,  ii.  382 
organs  of  generation,  male,  iii.  664 
Arctonyx,  teeth  of,  iii.  333 
Ardeu,  alimentaiy  canal  of,  it.  163 
beak,  it.  147 

generative  system,  ii-  257 
osseous  system,  ii.  2^  32 
tegumentary  system,  ii.  232 
Ardiscosoma,  alimentary  canal  of,  L 445 
Argentine,  composition  of,  L 550 
Argj'reiosus  vomer,  skull  of,  L IPS,  116,  154 
setipinnis,  vertebral  column  of, 

L 44 

Arius,  ttir-blatlder  of,  L 491 
Arius  giigora,  air-bladder  of,  L 491 
blocd,  L 500 

Armadillo,  alimentary  canal,  iii.  446 
organ  of  hearing,  iii.  231 
teeth,  iii.  273 
bones,  ii.  393.  et  seq. 

Armour-plates  of  6shes,  L 246 
Arteries  of  Aves,  ii.  189 
Fishes,  L 488 
Mammalia,  iii.  532 
Keptiles,  L 509,  516 ; iii.  537 
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Artibens,  organ  of  tasto  of,  iii.  192 
Artiodactjla,  alimentary  canal,  iii.  16^ 
cbaractcra,  ii.  282 
moftcles,  iii.  21 
organs  of  generation,  iii.  682 
male,  iii.  662 
female,  iii.  694 
oftafous  system,  ii.  457 
skeleton,  ii.  457 

A.  vertebral  colnmn,  ii.  457 

cervical,  ii.  457 
dorsal,  ii.  457 
lumbar,  ii.  457 
sacral,  ii.  457 
caudal,  ii.  457 

B.  skull,  ii.  465 

frontals,  ii.  465-478 
jaws.  ii.  466-478 
nasals,  ii.  465-478 
lacrymal,  ii.  465-478 
premazillaries,  ii.  466- 
118 

mazillarics,  ii.  466-478 

C.  bones  of  tbo  limbs,  ii. 

479 

scapula,  ii.  479 
humerus,  ii.  479 
ulna,  ii.  480 
radius,  ii.  480 
ileum,  ii.  480 
iscbia,  ii.  480 
femur,  ii.  480 
tarsus,  iL  480 

teeth,  iii.  343 

Arvicola  amphibia,  alimentary  canal  of,  iii. 
121 

Iimb>bones,  ii.  881 
lungs,  iii.  577 
mouth,  iii.  386 

organs  of  generation,  male,  Hi.  653 
organ  of  smell,  iii.  209 
teeth,  iii.  298 

Ascalabotes,  larynx  of,  L 529 
Aspidonectcs  spinifer,  fecundation  of,  L 
Gi^ 

Ass.  See  Equus  nsinua 
Astur,  alimenUury  canal,  ii.  1X1 
muscular  system,  ii.  85 
osseous  system,  ii.  IX 
Atclos  belsobut,  brain  of,  ii.  273.  note 
Aides  nigcr,  bmin  of,  iii.  146 
larynx,  iii.  598 
organ  of  touch,  iii.  18X 
ossDouH  system,  ii.  515,  516,  530,  543 
prehensile  tail,  iii.  XI 
Aides  paniscus,  dorso-lumbnr  vertebnc  of, 
ii.  515 

osseous  system,  ii.  307 
Atherina  pn'sbyter,  liver  of,  L 425 
Atherinidie.  character*  of,  L II 
Auolienia  lama,  characters  of,  ii.  286 
aliment.iry  canal,  iii.  468 
blood,  iii.  515 


AVE 

I Anchenia  lama— 
hair,  iii.  618 

prosencephalon,  iii  122 
teeth,  iii.  349 
thyroid  gland,  iii.  565 
skull,  ii.  4X0 

vertebral  column,  ii.  460 
! Auchenia  vicunia.  bloud  of,  iii.  515 
skull,  ii.  470 

> Auchouipterus  forcatus,  a-ir-bbadder  of, 
j 491, 496 

! Aulostomus  Astalaria,  skull  of,  L 107.  L!'9. 

124 

[ Australian,  skull  of  the,  ii.  563 
, Auxis  Cybium,  air-bladder  of,  L.  493 
arteries,  L 490 

Aves,  characters  of  the  class,  i.  5 
orders,  L 8 

L Natatores,  ii.  & 

II.  Orallatorea,  ii.  & 

III.  Rasores.  ii.  1_Q 

I IV.  Cautores,  ii.  IQ 

V.  Volitores,  ii.  IQ  , 

VI.  Scansores,  ii.  LI 

I VII.  Raptorea,  ii.  O 

] absorbent  system,  ii.  18o 

j lactoals,  ii.  180 

: lymphatics,  ii.  180 

thoracic  ducU,  ii.  180 
brain,  iii.  1 18 

development,  ii.  118,  119 
varieties  in  weight  and  sixe,  ii.  1!1 
compare*!  with  that  of  the  Rep- 
tile and  of  the  Matninal,  ii.  121 
circulating  system,  ii.  184 
blood,  it.  184 

blood-discs,  iL  184 
heart,  ii.  185 

pericardium,  ii.  185 
auricles,  ii.  185 
ventricles,  ii.  1 86 
arteries,  ii.  189 
aorta,  ii.  18S 

arteria  innominata,  ii.  1 89 
carotid,  ii.  190 
external  maxillary,  ii.  192 
laryngeal  or  pustt'rior  pala- 
tine, ii.  182 
i lingual,  ii.  182 

I internal  maxillary,  ii.  193 

! vertebral,  ii.  193 

subdavisn,  ii.  liLi 

humeral,  ii.  194.  195 
mammary,  iDtemal,  U.  194 
great  pectoral  or  ihorack*.  ii. 
195 

articular,  ii.  195 
profunda  humeri,  ii.  195 
ulnnr,  ii.  195 
interosseous,  ii.  196 
descending  aorta,  ii.  196 
bronchial,  ii.  197 
intercostal,  iL  19X 
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ATE 

ATe«— circulating  ey^tem — ctmtimtied. 
cccliao,  ii.  IU7 
gutric.  poat^’rior^  iu 
ppleoic,  ii.  197 

j hepatic,  right,  ii.  197 

pancreatic,  ii.  198 

^ gastric,  anterior,  ti.  198 

hepatic,  amail,  ii.  198 
meaenteric,  8Uj»erior,  ii.  198 
arteria  spermatica,  ii.  199 

* femoral,  iL 

ischiadic,  ii.  2QQ 
articular,  ii.  201 
tibial,  pcMterior,  ii.  2111 
anterior,  ii.  201 
plantar,  ii.  2o2 
sacra  media,  ii.  2QZ 
lumljar,  ii.  202 
mesenteric,  inferior,  iL  2112 
hypogastric,  ii.  202 
coecvgeal,  ii.  202 
incubating  plexus,  ii.  203 
Teins,  ii.  2<»3 

vertebral,  ii.  203 
jugular,  ii.  203 
axillary,  ii.  205 
vena  cava,  inferior,  ii.  205 
hepatic,  iL  205 
iliac,  ii.  2o5 
emolgent.  ti.  208  I 

haemorrboidal.  ii.  206  | 

vena  porlie,  ii.  2o6 
splenic,  ii.  206 

gastric,  posU'rior,  ii.  207  I 

anterior,  ii.  207  i 

pancmtic  mesenterii^  ii.  207  I 

inferior  mesenteric,  ii.  2o7  | 

femoral,  ii.  207 
tibiaL  ii.  207 
peroneal,  ii.  208 
dig'Stive  system,  ii,  145 
l>eak,  li.  145 
tongue,  ii.  151 

muscles,  ii.  153 

roylohycideus,  ii.  1 53 
stylo-hyoideus,  ii.  153 
genio^byoidens,  ii.  154 
cerato-hyoiditis,  ii.  154 
stemo-hjoideus,  ii.  154 
salivary  glands,  ii.  154 

accessory  follicles,  iL  156 
alimentary  canal,  ii.  156 
mouth.  iL  156 

dilatation  of  the  faucial 
membrane.  iL  157 
cesopliogUB,  ii.  157 

inglurios,  or  CTop,  ii.  158 
cr.vophagtis.  lower,  ii.  160 
provcntriculus.  ii.  160 
provcntricnlar  gUods. 
iL  m 

gastric  glands.  iL  162 
gizzard,  ii.  163 


ATE 

Aves— digestive  system — eomtinued. 

intestines,  ii.  167 

duodenum,  ii.  168 
mesentery,  ii.  168 
iloum,  ii.  168 
rectum,  ii.  I6S 
cloaca.  iL  168 
raricties,  ii.  168 
liver,  ii.  174 
size,  iL  174 
position,  ii.  175 
Jobes,  ii.  176 
ligaments,  ii.  176 
colour,  ii.  176 
gall-bladder,  ii.  177 

cyst-hepatic  duct,  ii.  177 
cystic  due*,  ii.  178 
hepatic  duct,  ii.  178 
pancreas,  ii.  178 

structure,  ii.  179 
ducts,  li.  179 

development  of  Birds  and  peculiarities 
of  the  chick,  ii.  259 
generative  system,  ii.  242 

male  organs,  and  semination,  ii.  242 
testes,  ii.  242 

periodical  yariations  of 
size.  ii.  242 
development,  ii.  243 
vas  deferens,  ii.  244 
penis,  ii.  244 
spermatozoa,  ii,  245 
spermatoa,  iL  245 
female  organs  and  ovulation,  ii.  246 
ovarium,  ii.  246 
development  of  the  ovarian 
ovum,  ii.  246-2.50 
calyx,  ii.  247 
mesotnetrium,  ii.  249 
clitoris,  ii.  251 

fecundation  in  Birds,  and  struc- 
ture of  the  laid  egg,  ii.  2.S1 
accessory  generative  structures 
and  external  sexual  characters, 
ii.  2M. 

periods  of  incubation,  ii.  257 
nidiBcatioo,  ii.  257 
locomotion,  ii.  112 

progrt'ssion  on  land,  ii.  1 12 
climbing,  ii.  113 
d^ing,  ii.  113,  1_L4 

velocity  of  Bight,  ii.  115 
action  of  the  tail  in.  iL  115 
varieties  in  manner  of,  ii.  1 16 
muscular  system,  iL  M 

general  charactera.  ii.  84 
vertebne,  muscles  of  the.  ii.  84 
sacro-lumbalis.  ii.  85 
longissimus  dorsi,  ii.  86 
obliquus  colli,  ii.  8fl 
fasciculi  obliqui,  ii.  86 
longUK  colli  pO‘4icus,  iL  87 
spinalis  dorsi,  ii.  66 
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muscular  system— 

inuititidus  spin^,  ii.  88 
obtiquo-Bpinales,  ii.  88 
ijiterariiculnres,  ii.  89 
obtiquo-trunsversalefl,  ii.  88 
intertmnsversaleti,  ii.  88 
lovatores  costarura,  ii.  88 
complexuM,  ii.  88 
rocU  capitis  postici,  ii.  90 
tmchelo-iuastoideus,  ii.  90 
lougus  colli,  ii.  88 
rectus  capitis  auticus  major, 
ii.  88 


minor, 
ii.  88 

rectus  capitis  lateralis,  li.  88 
obliquus  externus  abdominis, 
ii.  88 

intemus  abdominis, 
ii.  81 

rectus  abdominis,  ii.  81 
transrersalis  alxlominis,  ii.  81 
diapbr.<^m,  ii.  81 
apj>ciidicoK‘ostalcs,  ii.  82 
levator  cauda%  ii.  88 
adductor  cauds  superior,  ii.  82 
inferior,  ii.  82 
depressor  caudas  ii.  82 
quiulratus  coccygis,  ii.  82 
jmbo-coccygeus,  ii.  82 
ilio^occygeus,  ii.  32 
ischio-cocovgeuH,  ii.  83 
head,  muscles  of  the.  ii.  83 
temporalis,  ii  83 
niusseter,  ii.  83 
biventer  maxillte,  ii.  83 
entotynipauicus,  ii.  8i 
ptorvgoideos  exU*rnus,  li.  94 
intemus,  ii.  8i 
wings,  muclcs  of  the,  ii.  84 
tnif>eziu8,  ii.  8i 
rhoinboideus,  ii.  84 
levator  scapulte,  ii.  95 
scmitormiignus  anticus,  ii.  83 
(Kin'UH  an?  ions,  ii.  83. 
pectomlis  minor,  h.  95 
supra*spinatus,  ii.  83 
iofra-spinatus,  ii.  83 
teres  major,  ii.  83 
subsoapularis.  ii.  83 
latissimus  dursi,  ii.  83 
deltoides,  ii.  83 
{tectoralie,  6rst,  ii.  88 

sci'uud.  ii.  88 
lliinl.  ii.  82 
coraco*brachialis.  ii.  81 
t’Xteiisor  plicie  nlaris,  ii.  88 
exten<*or  nietacarpi  nuliutis 
hmgtis,  ii.  88 

extensor  metiiearpi  radialis 
brevis,  li.  88 

extens^^r  carpi  ulnaris,  ii.  99 
Hoxor  metacarpi  radialis,  ii.  88 


\ 


! 

I 

I 


Aves — muscular  system — eontinMenj. 

muscles  of  the  jnnkm  or 
hand,  ii.  88 
muscles  of  the,  ii.  99 
gluUeus  externus,  ii. 

medius,  ii.  Ickj 
minimus,  ii.  IDO 
magnum,  ii.  1<k» 
quartus,  ii,  lol 
quintUM,  ii.  101 
use.  ii.  lol 

iliacos  intenms,  ii.  101 
pyramidalis,  ii.  1 ill 
adductor  brevis  femoris,  ii 

mi 

adductor  longus.  ii.  1 Ql 
adductor  magnus.  ii  lol 
obturator  intemus,  ii  It'S 
gemellus,  ii.  102 
quadratus,  ii.  102 
abductor  magnus,  ii.  1Q2,  lof 
vastus  externus,  ii  102 
cruneiu*.  ii.  lo2 
sartnrius.  ii.  Iti2 
biceps  flexor  cruris,  ii.  103 
semimembranosus,  ii.  lo3 
aomintendinosus,  iL  1 i)A 
cruiaeus,  ii.  104 
gracilis,  iL  Liii 
vastus  intemua.  ii.  104 
poplileus.  ii  104 
gastrocnemius  externus,  iL 
IM 

intemus,  it.  lOA 
Roleus,  ii.  lOfl 

flexor  porforans  digit<^*. 
ii.  IM 

flexor  perforatus  digitureza. 
ii.  106 

pevtineus.  ii.  102 
j»eroneu»  longus,  ii.  107 
tibialis  anticus,  ii.  lOM 
extensor  longus  digitonun. 
ii.  188 

extensor  brevis  digitorum.  iL 

188 

extensor  poUicis brevis, ii.  lOS 
l^roneus  medius,  ii.  loa 
skin,  muscles  of  the,  ii.  109 
constrictor  colli,  ii.  llo 
use,  ii.  Ill) 

stemo-oerricalis,  ii.  1 IQ 
use.  ii.  119 

stemo-maxilUris.  iL  111 
dcrmo*transrer«Alift,  iL  111 
platysmn  myoKlt  **,  iL  1 1 1 
afnno*spinidi»,  ii.  Ml 
dermo-iliacoSi,  iL  111 
dermo^eostalis,  ii.  Ill 
derrao>alnaris.  ii.  112 
dimio-liumeraliSk  iL  112 
nervous  system,  ii.  121 

oliactor}'  or  flivt  pair.  ii.  121 
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AVE 

Avo8 — ocrvoQS  system— “AMjrtnwrf. 
optic,  ii.  122 

third,  or  oculomotorial,  ii.  122 
fourth,  ii.  122 
fifth  or  trigemioal,  ii.  122 
ophthalmic  dirisioo,  ii.  123 
first,  ii,  123 
second,  ii.  123 
third,  ii.  123 

superior  niaxilUry,  ii.  123 
inferior  maxillar}',  ii.  123 
facial,  ii.  121 
auditory  neirc,  ii.  124 
eighth,  ii.  124 
neumogHstric,  ii.  124 
ypoglosaal,  ii.  126 
spinal,  ii.  126 
cen'ical,  ii.  126 
sacral,  ii.  126 
brachial  plexus,  ii.  126 
obturator,  ii.  126 
femoral,  ii.  126 
ischiatic,  it.  126 
tibiiil,  ii.  126 
peroneal,  ii.  126 
organ  of  touch,  ii.  128 
taste,  ii.  129 
smell,  ii.  13U 
hearing,  ii.  133 
sight,  ii.  133 

size  of  eyes,  ii.  13.6 
form,  ii.  136 
8clen>lic  coat,  ii.  tM 
c»>mea,  ii.  137 
choroid  coat,  ii.  132 
iris,  ii.  1^ 

marsupium,  or  pcctcn,  ii. 
retina,  ii.  140 
aqueous  humour,  iL  141 
crystalline  lens,  ii.  141 
ritreons  humour,  ii.  141 
muscles  of  the  eyeball,  Ii.  142 
recti,  ii. 
obIi(jui,  ii.  112 
eyelids,  it.  112 
membrana  nictiUns,  ii.  143 
lacrymal  glands,  ii.  113 
osseous  system,  ii.  11 

goDcral  characters,  ii.  11 
skeleton,  ii.  11 
dorsal  rertebrse,  ii.  H 
sternum,  ii.  20 
keel,  ii.  23 

sacral  Tertebrs,  ii.  20 
pelris,  ii.  32 

TariatioDS  in  its  general  form 
and  proportions,  ii.  36 
ilium,  ii.  ^ 
ischium,  ii.  36 
pubic  bones,  ii.  36 
caudal  Tertebrse,  ii.  3J 
tail,  ii.  31 

ceryical  Tertebrae,  ii.  39 

VOL.  HI. 


AVK 

Arcs— osseous  system — condnufd. 
skull,  ii.  11 

separate  cniniHl  l>ones,  ii.  13 
basioccipital,  ii.  13 
exoccipitals,  ii.  11 
basisphenoid,  ii.  H 
haemal  arch,  ii.  16 

! orbitosphenoida,  H.  16 

I occipital  condyle,  ii.  13 

mastoid,  ii.  60 

I nasal,  ii.  61 

I premaxillary,  ii.  61 

maxillary,  ii.  52 
I palatines,  ii.  62 

pterygf)ids,  ii.  63 
malar,  ii.  61 
tympanic,  ii.  ^ 66 
mandible,  or  lower  jaw* 
j bone,  ii.  66 

I hyoid,  ii.  63 

laciymal,  ii.  63 

I in  Raptores,  ii.  69 

in  Canton  s,  ii.  69 
in  Grallatores,  ii.  60 
in  Natatorcs,  ii.  Q1 
limited  range  of  size  of  the 
cranial  cavity,  ii.  61 
foramina,  ii.  62 
tympanic  cavity,  ii.  62 
orbits,  ii.  62 

olfactory  cerebral  crura,  iu 
63 

I cranial  ppculiarities,  ii.  61 

I scapular  arch  and  limbs,  ii.  66 

I scapula,  ii.  6^  66 

coracoid,  ii.  65,  66 
clavicles,  ii.  ^ 62 
humerus,  ii.  63 
radius,  ii.  TL  12 
ulna,  ii.  72 
metacarpus,  ii.  J3 

I Ancbylosis  of,  ii.  2A 

I pectoml  limb,  ii.  14 

j peinc  Hmb,  bones  of,  ii.  25 

femur,  ii.  76 

• tibia,  ii.  21. 

Bbula,  ii.  79 
toes,  ii.  32 
patella,  ii.  33 

OBsiOeation  of  parts  of  tendons, 
ii.  33 

peculiar  secretions  in  birds,  ii.  23Q 
respiratory  STstem,  ii.  200 
I lungs,  ii.  209 

j number,  ii.  209 

colour,  ii.  210 
bronchi,  ii.  21» 

' arteries,  ii.  210 

air-cells,  ii.  211 
\ air-passages,  ii.  217 

larynx,  superior,  ii.  217 
riroa  glottidis,  ii.  218 
trachea,  ii.  219 
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lar^mx.  lower,  ii.  220 
gjmpathetic  syBlem,  ii.  127 
tegumentary  Bvatem,  ii.  221 

compositiuD  of  the  tegument,  ii. 

231 

corium,  ii.  231 
rete  mucosum,  ii.  231 
epiderm,  ii.  222 
scales  of  the  legs,  ii.  222 
appendages  of  the  tegument,  ii. 

233 

feathers,  ii.  233 

derelopment,  ii.  236 
moulting,  ii.  2il 
urinary  system,  ii.  226 
adrenals,  ii.  222 
kidneys,  ii.  226 

number,  ii.  226 
size,  ii.  222 
varieties,  ii.  227 
lobes,  ii.  227 
texture,  ii.  222 
colour,  ii.  222 
tubuli  urinifori,  ii.  222 
arteries  and  veins,  ii.  222 
ureter,  ii.  228 
cloaca,  ii.  229 
spleen,  ii.  230 

Axolotes  marmoratus,  oigan  of  hearing  of, 

L347 

pectoral  limb,  L 170 
skulls,  L 87 

Axolotes  (syn.  Siredon),  female  organs  of 
generation  of,  i.  683 
sills,  L 614 
heart,  L 506 
larynx,  L 627 
skull,  L 81 
teguroenu,  L 5.52 

Aye-aye,  bones  of,  ii  513.  et  seq. 
muscles,  iii.  52 
salivary  system,  iii  405 

Badger,  bones  of,  n.  soi 

Bagrus  filamentosus,  air-bladder  of,  ^ 
L4^  422  ! 

Balsena  australis,  skull  of,  ii.  423.  422  ' 

Balsna  longimana,  skull  of,  ii.  426  | 

limb-l^nes,  ii  422  I 

Balena  mysticetus,  characters  of,  it.  280. 222 
alimentary  canal,  iii.  4.52  ! 

1>rain,  iii.  142  ' 

development,  iii.  732  | 

limb-lK>nes,  ii.  428,  429  | 

mouth,  iii  383 
nerves,  iii.  152 
teeth,  iii.  278 
th}'mu8  gland,  iii.  568 
vertebral  column,  ii.  415.  416.  418 
Balacniceps,  beak  of,  ii.  148 
skull,  ii.  21 

\ 


I Balsnidfe,  characters  of.  ii.  29G 

larynx,  iii.  587,  588,  569,  690 
lungs,  iii.  578 
nerves,  iii.  152 
prosencephalon,  iii.  119 
skull,  ii.  426 
I teeth,  iii.  278.  279 

. vertebral  column,  ii.  415 

I BaUenoptera,  alimentary  canal  of,  u.  4^ 
I 424 

arteries,  iii.  546 
) brain,  iii.  143 

larynx,  iii.  587 
limb-bones,  ii.  426,  422 
I lungs,  iii.  529 

, organs  of  generation,  ntale,  iii.  659 

I organs  of  sight,  iii.  ‘-?49 

* organs  of  touch,  iii.  189 

I skull,  ii.  419 

spleen,  iii.  521 

teeth,  iii.  ^ 22L  22L  228,  ^ 

{ vertebral  column,  ii.  418 

I Balistcs,  alimentary  canal  of,  L 421 
j dermoskeleton,  L 193.  194 

I nerves,  L 306 

skull,  L 107 

I teeth,  i.  377.  378.  382 

I Balistini,  characters  of,  L 11 
I sliroentary  canal,  L 412 

Bassaris  o-stuta,  liroV^-lx^nes  of,  ii.  .510 
. Bat,  skeleton  of  a,  ii.  278.  See  Veeperttlri 
Bathvergus,  alimentary  canal  of,  iii.  422.4^ 

1 limlvbones,  ii.  Si  ^ 

mammary  glands,  iii.  776 
mouth,  iii.  399 

organs  of  generation,  female,  ill.  687 
organ  of  hearing,  iii.  231 
organ  of  sight,  iii.  246 
spleen,  iii.  560 
teeth,  iii.  265.  269,  296 
i thyroid  gland,  iii.  565 

Batides,  characters  of,  L z.  13 
teeth,  L 381 

Batrachia,  absorbent  system  ot,  L 458 
adrenals.  L 543 
alimentary  canal,  L 437 
arteries,  L 516 
bloo<i,  L 501 
brain,  L 290 
characters  of,  L.  15 

fecundation,  i.  61 4 
oviposition,  L 616 
development,  l 619 
generative  system,  L 576 
male  organs,  L 576 
female  ormns,  L 583 
generative  products  and  dcvelopiiMit 
L5il 

ovulation,  L 592 
gills,  L 512 

hearing,  organs  of,  L 347 
heart,  L 5o7 
ichthyomorphous,  L 215 
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BAT 

Batrachia.  ichtliyomorphous — c^ntinutd, 
muscles  of,  L 21 A 
kidneys,  l A38 
larynx,  L 627 
locomotion,  L 262 
lungs,  L ■'>21 

respiratory  actions,  L 630 
osseous  system,  L Ifi 
vertebral  column,  u 
skull,  L 

ovulation,  L 696 
reproduction  of  parts,  L 666 
sight,  organs  of,  L 337 
smell,  organs  of^,  L 330 
sympathetic  nervous  system,  L 321 
teeth,  L 385,  392 
t^uments,  L ■652 

pcrioftical  shedding  of  theepidorm, 

L663 

thymus  body  or  gland,  L 665 
touch,  organs  of,  L 326 
veins,  L 601,  602 

Batrachus,  arteries  of,  L 489 
gills,  L 481 
pectoral  limb,  L 164 
pyloric  appen<lage  and  pancreas,  L 430 

Bilellostoma  heputrema,  blood  of,  L 468 
gills,  L 476.  477 
heart,  L 471 
kiilneys,  L «535 

Bdeogale,  teeth  of,  iii.  307 
> Bear,  gestation  of,  iii.  746 
muscles,  iii.  ^ 
oigans  of  generation,  iii.  669 
organ  of  liearing,  iii.  234 
organ  of  sight,  iii.  262 
bones,  ii.  490,  et  sfq. 
teeth,  iii.  335 

Beaver,  alimentary  canal  of,  iii.  422 
brain,  iii.  1 1 1 

organs  of  generation,  iii.  663,  686 
skeleton,  ii.  364 

Belone,  development  of  bone  of,  L 21 
myelencephalon,  L 283 
nerves,  i,  297.  306 

pyloric  appendage  and  pancreas,  L 432 
veins,  L 468 

Berj  x Trachinida*,  oir-bla<lder  of,  L 493 

Bile  ill  n ptilcs.  L 462 

Bimana,  cliaracters  of.  L x^ii.  xxxvlii. ; ii. 

2ii2 

alimontary  canal,  iii.  434-442 
blooil,  iii.  616 
development,  iii.  747.  751 
heart,  iii.  526 
locomotion,  iii.  70,  72 
mammary  glands,  iii.  780.  783 
nervous  system,  iii.  88 
macrorayelon,  iii.  88 
pruMDcephalon,  iii.  132 
nerves,  iii.  1 47 

organs  of  generation,  male.  iii.  646. 673 
female,  iii.  704 


BKA 

j Bimana— eon/iwwerf. 

I oaspone  system,  ii.  .).'>3-.‘)86 

I placenta,  iii.  7«60 

I teeth,  iii.  322-326 

1 veins,  iii.  666 

I Bipea  lepidopiis,  lungs  of,  L 626 
Birds.  See  Aves. 

I Bison.  L xxxii. 

Bison  americanus,  horns  of,  iii.  626 

female  organs  of  generation,  iii.  697 
Bison  europeus,  organ  of  taste  of,  iii.  196 
I skull,  ii.  47^  413 

teeth,  iii.  361 
vertebral  column,  ii.  462 
Biventer  maxills  muscle  in  Aves,  ii.  83 
Bisiura,  pelvic  limbs  of,  ii. 

Blennidie,  chaweters  of,  L 11 
ovulation,  L 599 

j Blcnnius,  myelencephalon  of,  L 276 
nerves,  L 298,  302 
I ovulation,  i.  59.6 

Boa,  kidneys  of,  L 539,  640 

larj’DX,  L 528 
teguments,  L 664 

Boa  constrictor,  ovipasition  in,  L 617 
myelencephalon,  i.  2&1 
vertebral  column,  L 58 
Boidap,  organ  of  sight  of,  L 338 
Bombinator  igneus,  laiynx  of,  L 527 
reproducible  parts,  i^  567 
semination,  L 501 
Boops,  tec'th  of,  L 311 
Bos,  characters  of,  L xi. ; ii.  286 
development,  iii.  738 
horns,  iii,  626.  631 
nerves,  iii.  169 
prosencephalon,  iii.  128 
teeth,  ii.  362 
vertebral  column,  ii.  462 
I Bos  grunniens.  limb-lmnes  of,  ii.  483 
I Bos  taunis,  characters  of,  L xxxii. 
corebeUum,  iii.  90 
liver,  ii.  482 
muscles,  iii.  42-47 
skull,  ii.  472 
vertebral  column,  ii.  461 
Boschisman,  skull  of  the,  ii.  664 
' Bothriolopis.  teeth  of.  i.  378 
ikividas,  arUTies  of,  iii.  647 
horns,  iii.  624 
lirob'bones,  ii.  486 
mammary  glands,  iii.  779 
skull,  ii.  472 
teeth,  iii.  351 
urinary  system,  iii.  607 
Box,  alimentary  canal  of,  L 416 
Box  salpa,  alimentary  canal  of,  L 421 
Box  vulgaris,  alimentary  canal  of,  u 421 
Brachyi>terix,  charucters  of,  L xxxiii. 

dorsal  vertebrae  and  sternum,  ii.  2^  26 
Bradypodidfc,  characters  of,  ii.  296 
limb-bones,  ii.  414 
teeth,  ii  363 
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Bmdypus  didiictjlnii.  See  Choloepus 
Bradypun  tridfictyliui,  chftmcters  of,  ii.  278 
development,  iii.  731 
larynx,  iii.  586 
liver,  iii.  iiil 
lungs,  iii.  578 

organs  of  generation,  female,  iii.  690 
osseous  system,  ii.  *20 H 

liml»-l>one8,  ii.  307.  411.  41‘i 
verteliral  column,  ii.  398.  400 
skull,  ii.  405,  406 
placenta,  iii.  731 
prosencephalon,  iii.  410 
Brain  of  .\ves,  ii.  118 
Fishes.  L 271 

Mammalia,  ii.  269, 270 ; iii.  81, 10^ 
Reptiles,  L 290 

Brama  {tyn.  Ahramis),  changes  accom- 
pnnying  growth  of,  L 612 
nerves,  i.  291 

pyloric  appenihige  and  pancreas,  L 432 
semination,  L 589 
BramatheriuTn,  horns  of,  iii.  625 
skull,  ii.  473 

Branohiostoma  (si/si.  Aniphioxus),  charac- 
ters of,  L 3,  9 

alimentary*  canal,  L 413,  414 
gills,  L 513 
growth,  L 61 1 
myelencephalon,  L 269.  270 
organ  of  smell,  L 328 
osseous  system,  L 2^  ^ 
Broripennatje,  characters  of,  it.  2 
Bruta,  alimentary  canal  of,  iii.  446 
characters,  ii.  278 
mouth,  iii.  387 
muscles,  iii.  12 
organs  of  generation,  iii.  655 
male,  iii.  655 
female,  iii.  682 
organ  of  sight,  iii.  246 
ottst^ous  system,  ii.  393 
skeleton,  ii.  393 

A.  vortobral  column,  ii.  393 

cervical,  ii.  39.3^02 
dorsal,  ii.  393—402 
lumbar,  ii.  393—402 
sacral,  ii.  393-402 
cauHal,  ii.  393-402 

B.  skull,  ii.  403 

C.  bones  of  the  limbs,  ii.  407 

scapula,  ii.  407 
clavicle,  ii.  41 1 
humenui,  ii.  407 
ulna,  ii.  407 
radius,  ii.  407 
olecranon,  ii.  407 
carpals,  ii.  428 
femur,  ii.  428 
tibia,  ii.  408 
6bula,  ii.  408 
foot,  ii.  409 

salivary  system,  iii.  399 

teeth,  lii.  272 


C£S 

! Bruta — <s>nfinued. 

' tongue,  iii.  198 

Bubalus,  mammary  glands  of,  iiu  7T9 
skull,  ii.  473 

organ  of  hearing,  iii.  233 
I Bubalus  caflfer,  horns  of,  iii.  626 
BuImIus  gnu,  horns  of.  iii.  626 
liml>-bones,  ii.  482 

Bubalus  mosebatus,  horns  of,  iii.  626 
' mammary  glands,  iii.  779 

. Bubo  maximus.  organ  of  genentioo  d. 
I male,  ii.  242 

1 organ  of  sight,  ii.  142 

Bucconidse,  characters  of,  ii.  12 
j osseous  system,  ii.  26 

Bucephalus  caj>ensis,  t«*eth  of,  L 395 
Buceros,  liver  of,  ii.  175 
(»iJeou.s  system,  ii.  40 
[ cervical  vertebrre,  ii.  40 

1 skull,  ii.  4J_,  5^  ^ 63 

Bucerotida*,  characters  of,  ii.  1 1 
Bufo,  development  of,  L 629 
I fecundation,  L 614 

pectoral  limb,  L 177 
p«*lvic  arch  and  limb,  L 1 8.3 
j Bufo  agua.  pelvic  arch  and  limbs  oC  i- 1^1 
I tegument,  L 552 

Bufo  HSper,  tegumenta  of,  L 551 
Bufo  caiamita,  development  of,  L 622 
tegument,  L 552 

' Bufo  cinereiis,  larynx  of,  L 527 
i Bufo  tulwrosus,  teguments  of,  L Ml 
Bufo  vulgaris,  development  of,  62J 
I laiynx,  L 528 

teguments,  L 553 
vertebral  column,  L iil> 

Bufotiidm,  characters  of,  L L5 
Bugiossus,  characters  of,  L xx^iit 
{ Bungarus,  tegument  of,  i.  554 
Bute<^,  alimentary  canal  of,  ii.  171 
I larynx,  lower,  ii.  220 


Cachalot,  teeth,  iii.  aaj 

Cieeilia,  characters  of,  L 15 
j alimentary  canals,  L 444 

; arteries,  L 516 

I liver,  i.  449 

I teguments.  L 551 

' vertebral  column,  L 5^ 

' C^ecilia  albiventer,  {>ancr**as  of.  L 4.1.*? 
Ciecilia  inlerrupta,  panerwis  of,  1 4.53 
Cielaoanthi,  characters  of.  L 12 
Calogonys,  alimentary  canal  of,  iiL  423 
laiynx,  iii.  585 
lungs,  iii.  577 
mammary  glands,  iii.  775 
I mouth,  iii.  386 

organs  of  generation,  male,  iii.  652 
org]in  of  hearing,  iii.  230 
oigtin  of  smell,  iii.  208 
salivary  glands,  iiL  399 
skull,  ii.  ^11 

I Caesio,  alimentary  canal  of,  L il5 
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Callichthys,  fecundation  of,  i,  614 
myeleno'phjiloD,  L 2M 
iitkuU,  L 108 
CAllionyrnus.  prolon^tion  of  the  fin-rays 
of,  with  L 612  I 

C%iliisaarus,  teeth  of,  l 403  | 

Callithrix  pervmata,  larynx  of,  iii.  598  i 
oifseous  system,  ii. 

C&Uithrix  sciureos,  development  of.  Hi. 
745.  746 

ossoous  system,  ii.  515.  630.  543 
prosencephalon,  iit.  1 1 4,  124,  125,129, 
131 

orsran  of  taste,  iii.  199 
Callithnx  spixii,  osseous  system  of,  ii,  515 
CallorhyiU’hu.s  australis,  ovulation  in,  L 598 
Calotes,  teeth  of,  L 402 
CalyptorhTnchus,  osseous  system  of,  ii.  21. 

28.  50.  58.  63 

Camel  i(He.  characters  of,  L xxxii. 
derelopment  of,  iii.  737 
limb- bones,  ii.  481,  482 
liver,  iii.  478 
lun^,  iii.  581 
mammary  ^lamls,  iii.  779 
muscles,  iii.  4^  14 
or^n  of  taste,  iii.  1 96 
prosencephalon,  iii.  122 
skull,  ii.  474 
urinary  system,  iii.  607 
vertebral  column,  ii.  460.  462 
water-cells,  iii.  469 

Camelopardalis  OirafTa,  characters  of,  L 
xxxii.  ; ii.  286 
alimentary  canal,  iii.  471 
brain,  iii.  143 
cerebellum,  iii.  9Q 
gestation,  iii.  739 
horns,  iii.  631 
larynx,  iii.  595 
limlnbones,  u.  482 
mammary  glands,  iii.  779 
muscles,  ill.  ijj  Iii 
myelou,  iii.  75 
organ  of  taste,  iii.  196 
ploi'enta.  iii.  739 
pro'^rnoephatoD,  iii.  122 
skull,  ii.  475 
Terlebral  column,  ii.  464 
Camelus.  characters  of,  ii.  286 

female  ot^ns  of  generation,  iii.  695 
mnsck'S.  iii.  18 
teeth,  iii.  349 

Camelus  bactrianus,  humps  of.  iii.  784 
alimentary  canal,  iii.  459,  471 
moseb's,  iii.  19 

Camelus  dromeNlarios,  hump  of,  iii.  784 
muscb«,  iii.  19 
Caocmma  beak  of,  ii.  148 
skull,  ii.  61 

Canids,  locomotion  of.  iii. 
limh-lones.  ii.  289 
mammary  glamb*,  iii.  780 


CAP 

Canidse — tontinued, 

prot»cncephalon,  iii.  118 
tongue,  iii.  197 
urinary  organs,  iii.  608 
vertebral  column,  ii.  492 
Canis,  organ  of  h«aring,  iii.  235 

organs  of  generation,  male,  iii.  670 
placenta,  iii.  744 
salivary  glands,  iii.  405 
teeth,  iii.  ^ 3^^  332,  3IQ 
Canis  aureus,  skull  of,  ii.  .503 
Canis  australis,  skull  of,  ii.  503.  504 
Canis  domesticus,  characters  of,  ii.  296 
adrenab,  iii.  570 
alimentary  canal,  iii.  444 
development,  iii.  709,  710,  715,  744 
lungs,  iii.  582 
lymphatics,  iii.  512 
mental  activities,  ui.  820 
nerves,  iii.  156 

organs  of  generation,  male,  iii.  670 
female,  iii.  700 
organ  of  hearing,  iii.  234 
organ  of  smell,  iii.  215 
pancreas,  iii.  496 
prosencephalon,  iii.  118 
salivary  gland.^i,  iii.  404,  405 
skull,  ii.  506.  571 
spleen,  iii.  561 
vertebral  column,  ii.  492 
Canis  lupus,  skull  of,  it.  5o3 
vertebral  column,  ii.  492 
Canis  pictus,  limb-bones  of,  ii.  510 
Canis  rufus,  vertebral  column  of,  ii.  492 
Canis  volpes,  nerves  of,  iii.  175.  176.  180 
pn>seDcephalon,  iii.  117,  118 
scent  glands,  Hi.  637 
skull,  ii.  503 

Cantharis  vulgaris,  air-bladder  of,  L 491 
i Cantores,  chan^ters  of,  L 10 
I pelvis,  ii.  32 

' sternum,  ii.  28 

, vocal  organs  of,  ii.  224 

Capitonidae,  characters  of,  ii.  U 
Capra  bircus,  development  of,  iii.  738 
I skull,  ii.  475 

Caprimulgiibe,  characters  of,  ii.  1 1 
I Caprimuigus,  alimentary  canal  of,  ii.  156 
beak.  ii.  147 
lower  larynx,  ii.  221 
osseous  system,  ii.  52 
skull,  ii.  55 
pelvic  limljs,  ii.  83 
pancreiis,  ii.  178 
tegument,  composition  of,  it  232 
Capromys  Ffmrnieri,  alimentary  canal  of, 
iii.  4^  ^ 42i 
liver,  iii.  485.  488 
, mammary  glands,  iii.  775 
month,  iii.  387 

organs  of  generatioD.  male,  iii.  652 
organ  of  taste,  iii.  192 
spleen,  iii.  560 
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Cspr'jmTi  pr^heD^ilU,  rtrtebnl  colunn  of, 
ii.  367 

Capuchin  monker,  bf>ne«  of.  u.  516»  d »eq. 
Caraux,  characters  of.  L xxxiii 
Carchanlon  me«raludon,  teeth  of.  L 372 
Carchaiiaa.  alimentary  canal  of,  L A22 
heart,  L 474 

iSTcieQcephaloD,  L 273,  276.  283 
skul).  L Ml  81 
teeth,  L 372 

▼erlebral  crjiumn,  L 3^  ^ 39 
Cardiudon,  l<t*th  of,  L 387 
Carnivora,  a<!rpiia)4  of,  iii.  569 
alimentary  canal,  iii.  4 42 
arteries,  iii.  548 
brain,  iii.  116 
ca-cum.  iii.  445 
characters  of,  ii.  2K8 
development,  iii.  742 
dual  glaud'ba^s,  iii.  636 
heart,  iii.  523 
liver,  iii.  485 
locomotion,  iii.  M 
mouth,  iii.  395 
muik'lea,  iii.  49 
nenes,  iii.  175 
organs  of  generation,  iU.  668 
male,  iii.  668 
female,  iii.  698 
organ  of  hearing,  iii.  231 
aight,  iii.  252 
fixnell,  iii.  215 
osseous  system,  ii.  457 
skeleton,  ii.  457 

A.  vertebral  column,  ii.  458  i 

dorsal,  ii.  458  | 

lumbar,  ii.  458  , 

8;icnil,  ii.  458  | 

caudal,  ii.  458  | 

B.  skull,  ii.  494 

iHJiies  of  the,  ii.  494-506  ' 

C.  bones  of  the  limbs,  ii.  506  i 

scapula,  ti.  506  ! 

clavicle,  ii.  510  ' 

aiitibraohial,  ii.  507  ! 

mdius,  ii.  507 
pelvic  arch,  ii.  507  * 

femur,  ii.  507 
tibia,  ii.  5o7  i 

fibula,  ii.  507 
astragalus,  ii.  507 
foot,  ii.  507-51 1 

pancn'as,  iii.  495  i 

placenta,  iii.  743 

respirator)*  system,  iii.  581 

spleen,  iii.  561 

sympithetic  system,  iii,  Ifil 

tbvmus,  iii.  7>68 

tongue,  iii. 

ve  us.  iii.  555 

Cartilage,  temporary,  stages  of  its  ossifiea-  I 
lion,  L 21  j 

OaryocaUctes,  alimentary  canal  of,  ii.  157 


CAV 

Cassicua,  sacral  vertebrae  and  sterscLsa.  u 

32,36 

Castor  canadensis,  characters  of.  ii.  S68 
alimentary  canal.  uL  4*Jt> 
caatorenm,  iii.  636 

organs  of  geoentioB.  male,  til.  653 
organ  of  hearing,  iii.  231 
pru^cDCephalon,  iiL  111 
Castor  fibres,  castoreuru  glands  uC  iiL  635 
mesencephalon.  Hi. 
organs  of  generation,  male.  iii.  64^ 
female,  iii.  685 
I proaencephaloD,  iii.  1 lo 

skull,  ii-  32i 

I vertebral  column,  ii.  364 

I Casuarius  Bennettii,  generutivv*  srsceca  '' 
ii.  257 

organ  of  sight,  ii.  138,  139,  1 40 
skull,  ii.  fii 

Casuarius  galeatus,  characters  of,  iL  fi 
alimentary  canal,  ii.  162,  173 
geneiutive  syslecn,  ii.  242 
liver,  ii.  1_H 

muscles  of  the  legs,  iL  IQ  I 
osseous  system,  ii.  23*  30^  5^  ^ 65 

tegumentaiy  system,  iL  232,  i35 
veins,  ii.  106 

Cat,  brain  of,  iii.  114,  117 
generation,  iii.  742 
loeomotioD,  iii.  69 
muscles,  iii.  50 
orpin  of  sight,  iii.  2.52 
organs  of  generation,  iii.  671 
teeth,  iii.  374 

Catarhina,  characters  of,  it.  291 
alimentaiy*  canal,  Hi.  432 
development.  Hi.  746 
generative  organs,  male,  iii.  673 
femalci,  uL  703 

larynx,  iii.  599 
liver,  iii.  487 

mammary  glands,  iii.  78Q 
organ  of  hearing,  iii.  236 
sight,  iii.  252 
smell,  iii.  216 
pancreas,  iii.  496 
skeleton,  H.  517.  531,  543 
teeth,  Hi.  aifi 

Cntarrhactos,  dorsal  rertebr*,  ii.  16 
Cathartes,  blood  of,  ii,  184 
heart,  ii.  185 
liver,  iL  176 
osseous  system,  iL  2Z 
spleen,  ii.  230 
Caucasian,  skull  of,  ii.  569 
Cauda  (•quina  in  Fishes.  L 272 
Cavia  apTca,  mammary  glands  of,  iii.  775 
salivary  glands,  iii.  398 
Cavia  cobayn  {^yn.  Porcellus),  dereJopiaeai 
of,  iii.  221 
limb-lH>nes,  ii.  380 
liver,  iii.  485 

mammary  glands  of,  Hi.  775 
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CAV 

Cavia  cobaja — continued. 
mf^sencephaloQ,  iii.  98 
organs  uf  geDeration,  male,  iii.  6A2 

Cebiis  Apella,  osseoua  system  of,  ii.  529.  f>34 
proeeDcephaloD,  iii.  131 
t«cth,  iii.  315 

Cebus  CHpucinus,  arteries  of,  iii.  543 
dereiopment,  iii.  736 
larynx,  iii.  598 

organs  of  generation,  male,  iii.  672 
08  <ooU8  system  of,  ii.  .37 3,  516,  530 

Cobiu)  bypoleucus,  dorso-lumbar  vertebr® 
of,  ii.  51 5 

Centotcs,  alimentary  canal  of,  iii.  428 
development,  iii.  730 
hair,  iii.  691 
bybornution,  ii.  i 
liver,  iii.  484 

orgiins  of  generation,  female,  iii.  689 
ot^iu  uf  hearing,  iii.  230 
teeth,  iii,  310 
vertebral  column,  ii.  385 
Centrina,  vertebral  column  of,  L 35 
Centriscus,  alimentary  canal  of,  L 421 
pectoral  limb,  i.  164 
demiaikeleton,  L 195 

Centriscus  humurosus,  dcrmoskcleton  of,  L 
194 

Centriscus  scolopax,  dermoskeleton  of,  i l93 
pectoral  limb,  i.  164 
Ceotropborus,  heart  of,  u 474 
Centropristis  gigas,  locomotion  of,  L 254 
Centropus,  osseous  system  of,  ii.  ^ 75 
Cephalaspis,  dermoekeletoo  of,  i.  197 
Cephalophus.  Antilope  mergens 
CephalopU'Hdse,  characters  of,  L 13 
Cepbalupterus,  heart  of,  L 474 
Ckrutodus,  teeth  of,  L 369,  385 
Ceratophiy’s  cornuta,  absorbents  of,  L 459 
teeth,  L 392 
tegumenU,  L 551 

Cercolabes(sy8.Syuethere8),  liver  of,  iii.  485 
mammary  glands,  iii.  775 
vertebral  column,  ii.  367 
Cercoleples  cuudivolvulus,  limb^bonea  of, 
li.  509 

mammary  glands,  iii.  780 
teeth,  iii.  334 
vertebral  column,  ii.  491 
Cercopiibeeus  albogularis,  osseous  system 
of,  iii.  533 

Cercopithocus  ruber,  osseous  system  of,  ii. 

533 

Cercopithocus  sabxus,  alimentary  canal  of, 

iii.  433i  134 

development,  iii.  746 
larynx,  iii.  600 
orgHU  of  hearing,  iii.  236 
organs  of  genoration,  female,  iii.  703 
osseous  system,  ii.  533 
CereopsU,  period  of  incubation  of,  ii.  257 
Certhia,  cbaractors  of,  iL  19 
pancreas,  ii.  LIB 


C£T 

Cervical  nerves  in  Aves,  ii.  125 
Cervid®,  character  of,  ii.  286 
development,  iii.  738 
horns,  iii.  627 
limb-bones,  ii.  486 
mammary  glands,  iii.  779 
prosencephalon,  iii.  122,  123 
Cervus  caproolus,  hums  of,  iii.  639 

oigans  of  generation,  female,  iii.  696 
development,  iii.  738 
gestation,  iii.  738 

Cervus  duma,  horns  of,  iii.  629.  631 
skull,  ii.  478 

Cervus  dundisnus,  horns  of,  iii.  628.  630 
Cervus  elephos,  development  of,  iii.  738 
horns,  iii.  628 

Cervus  muntjac,  horns  of,  iii.  631 
limb-bones,  ii.  479 
skull,  ii.  478 

Cervus  rupus,  female  organs  of  generation 
of,  iii.  697 
boms,  iii.  631 

Cervus  simplicicornis,  horns  of,  iii.  631 
Cen'us  tarundus,  characters  of,  L xxxii. 
boms,  iii.  630 

organs  of  generation,  females,  iiL  697 
skull,  ii.  478 
vettfbral  column,  ii.  464 
Ccslraciou  Philippi,  skull  of,  L 19 
U-eth,  L 37^  384,  393 
Ccstruciontid®,  characters  of,  L 13 
Cestrophori,  characters  of,  L 13 
Cetacea,  adrenals  of,  iii.  570 
alimeotaiy  canal,  iii.  452 
arteries,  iii.  546 
baleen,  iii.  276 
brain,  iii.  119 
characters,  ii.  280 
derm.  iii.  609 
development,  iii.  732 
diaphragm,  iii.  2 
heart,  iii.  520 
liver,  iii.  478-480 
muscles,  iii.  24 
nervous  system,  iii.  J5 
organs  of  generation,  iii.  655 
male,  iii.  655 
female,  iii.  691 
organ  of  hearing,  iii.  224 
organ  of  sight,  lii.  246 
organs  of  sight,  iii.  258 
organ  of  smell,  iii.  210 
organ  of  touch,  iii.  188 
osseous  system,  ii.  415 
skeleton,  ii.  415 

A.  vertebral  column,  ii.  415 

cervical,  ii.  415 
dorsal,  ii,  417 

B.  skull,  ii.  419 

frontals,  ii.  420 
vomer,  ii.  429 
palatal,  ii.  421 
pterygoid,  ii.  421 
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Cetacea— oss»*ou8  system — continued, 
maxillary,  ii. 
premaxillfiries,  ii.  421 
malar,  ii.  421 
jaws,  ii.  422,  42^ 

C.  boDes  of  limbs,  ii.  1213 
scapula,  ii.  426 
humerus,  ii.  427 
uln^  ii.  422 
radius,  ii.  427 
carpus,  ii.  427 
metacarpals,  ii.  42R 
ischia,  ii.  429 
tibia,  ii.  429 
sacral,  ii.  429 
pancreas,  iii.  405 
respiratory  system,  iii.  578 
salivary  glands,  iii.  396 
spleen,  iii.  561 
thymus,  iii.  5G8 
tongue,  iii.  123 
veins,  iii.  553 

Cetiosaurus,  vertebral  column  of,  L 69 
CbsertJpolamuH,  <*hamcters  of,  ii.  286 
teeth,  iii.  3 13.  375 
Ch»rops,  alimentary  canal  of,  L 410 
Cbcetodou,  characters  of,  L 11 
teeth,  L 370 
Chalcis,  luu^  of,  L 525 
Chameleo,  alimentary  canal  of,  L 436,  439 
liver,  L 452 
locomotion,  L 263 
peclorsd  limb,  L 17»>,  178 
pelvic  arch  and  limb,  L 191 
skull,  L.  156 
tongue,  L 436 
vertebral  column,  L 

Chameleo  bifurcus,  dermoskeleton  of,  L 193 
skull.  L 156 

Champsa  (sv«.  .Vlligator  paljHjbrosa),  der- 
mr>Kkcleton  of.  L 108 

Champsa  gibbiceps,  dennoskoleton  of,  L 198 
Champsa  iucius,  skull,  of,  L 138 
vertcbrjil  column,  L 6^  OTj  70 
Champsa  inissiKsippiehsis,alimentar}’  canal 
of,  L44G 
liver,  L 4M 
teeth,  L 49fi 

Chamj>sa  nigra,  liver  of,  L 431 
skull,  L IM 
teeth,  L 406 

Champsa  trigonata,  dermoskeletoo  of,  L 
198 

Characinidm,  characters  of,  L 19 
CharaUrius,  genemlive  system  of,  ii.  257 

ix'lvic  limbs,  ii.  82 
•j: ouches  of  Mammals,  iii.  386 
CheilinuH,  skull  of,  b 120 
Cheirogaleus  griseus,  skull  of,  ii.  529 
Cheiroineles  caudatns,  glandular  sac  of,  iii. 
634 

Chciromcles  ton|uatus,  glandular  sac  of,  iii. 
634 

■s. 


CHE 

Cheiroptera,  characters  of,  ii.  278.  2^ 
alimentary  canal,  iii.  428 
arteries,  iii.  536.  542 
cerebellum,  iii.  90 
derm,  iii.  612 
development,  iii.  730 
larynx,  iii.  586 
limb^bones,  ii.  392 
mammar}’  glands,  iii.  776 
mesencepb^on,  iii.  98 
mouth,  iii.  387 
muscular  system,  iii.  1 
myeloD,  iii.  24 

organs  of  generation,  male,  iii.  857 
female,  iii.  68S 
organ  of  baring,  iii.  228 
organ  of  touch,  iiL  189 
paocrea.s,  iii.  484 
placenta,  iii.  730 
prosencephalon,  iii.  109 
skull,  ii.  387 
teeth,  iii.  310 
thyroid  gland,  iii.  565 
veins,  iii.  553 
vertebral  column,  ii.  387 
Chelune,  characters  of,  L 12 
growth  of  bone,  L 29 
pectuml  limb,  L 171.  173 
pelvic  arch  and  limb,  L 185 
Cholone  caretta,  alimentary  eAn*  1 of.  L 44t 
liver,  L 450 
pancreas,  L 454 
teguments,  L 560 
Vertebral  column,  L 6L  63 
Chelone  imbricata.alimentary  canal  of.Liio 
Cheloue  mydas,  alimentary  canal  of,  b 44u. 

442, 444.  445 
development,  L 638 
lungs,  L 525 

myelencephalon,  L 292.  293.  295.  297 
nerves,  L 313.  323 
organ  of  hearing,  L 348 
organ  of  sight,  i,  340 
organ  of  smell,  L 328 
ovipoaitioD,  L 618 
pancreas,  i,  453 
pelvic  arch  and  limb,  L 189 
skull,  ii.  126,  128 
Chelone  plauicops,  skull  of,  L 135 
Chelone  pulchric'eps,  skull  of,  L 13.5 
Chelone  Temminckii,  skull  of,  L 131,  135 
Chelonia,  absorbent  system  of,  L 459 
adrenals,  l 544 
alimentary  canal,  L 433 
arteries,  L 520 
blood,  b 501 
brail),  b 292 
charucters  of,  b 19 
fecundation,  b 615 
ovipositiou,  L 617 
development,  L 634,  638 
generative  organs,  b 981 
male,  b 581 
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CHE 

Ch  elon  ia— <?on  iinwxi. 

gcnoratiTo  organa,  female,  L 586 
hearing,  organa  of,  L 348 
heart,  L 508 
kidneys,  L 541 
larynx,  L 529 
liver,  L 419 
lungs,  L 525,  530 
capacity,  L 526 
rebpiratory  actions,  L 531 
muscular  aystoro  of,  L 231 
osseous  system,  L 126 
skull,  i.  126 
vertebral  column,  L 
scent*glands,  u 562 
sight,  organs  of,  L 339 
smell,  organs  of,  L 330 
teeth,  L 385 
teguments,  L 557 

neural  plates,  L 557 
thymus  body,  L 566 
thyroid  body  or  gland,  L 565 
veins,  L 505 

Cbelydni  (syn.  Chclonura)  serpentina,  ali* 
mentary  canal  of,  L 442 
derolopmont,  L 638 
generative  organs,  female,  L 587 
liver,  L 450 
lungs,  L 525 
oviposition,  L 618 
pancrois,  L 454 
skuU,  L 131,  IM 
Chelys,  heart  of,  L 509 
organ  of  sight,  L 
organ  of  taste,  L 327 
pectoral  limb,  L 172.  178 
pelvic  arch  and  limb,  u 187 
teguments,  L 560 
Chllouycteris,  teeth  of,  iii.  310 
Chimera  raonstrosa,  nrU'rics  of,  L 489 
myelencephalon,  L 276 
nerves,  L 304 
semination,  L 590 
teeth,  L 378 

vertebnil  column,  L 3^  35 
Cbiznseridie,  characters  of,  L 13 
myelencephalon,  L 293 
Chimp^zee.  See  Troglodytes  niger 
Chinchilla,  limb^bonos  of,  ii.  385 
skull,  ii.  370 
teeth,  iii.  298,  299 
Chinchilla  lanigora,  skull  of,  370 
Chinese,  skull  of,  ii.  569 
Chiromys  madagascariensis,  as  compared 
with  the  genus  Lemxir,  L zxxv 
Chiromys  matlagascariensis,  anal  glands  of, 
iii.  637 

brain,  iii.  124,  125 
larynx,  iii.  536 
lungs,  iii.  582 
muscles,  iii.  ^ 5i 
organ  of  heiiring,  iii.  235 
organ  of  sight,  iii.  242 


CLU 

I Chirom}*8  madagascanensis— rou/iawri/. 

I organs  of  generation,  male,  iii.  672 
female,  iii.  780 

osseous  system,  ii.  512.  613, 529,  539. 

541.  542  ' 

teeth,  iii.  31^  311 
tongue,  iii.  198 
Chirotes,  teguments  of,  L 555 
Chlamydem  maculata,  nest  of,  ii.  258 
Chlamydusaurus,  teguments  of,  L 556 
CblamyphoruB,  limb-bones  of,  ii.  409 
oigans  of  smell,  iii.  209 
skull,  ii.  405, 407 

Choeropus,  limb-bones  of,  ii.  351,  354 
muscles,  iii.  13 

Choloepus  didactylus,  characters  of,  ii.  297 
alimentary  canal,  iii.  450 
female  organs  of  generation,  iii.  690 
larynx,  iii.  586 
limb-bones,  ii,  306,  411,  412 
lungs,  iii.  516 
skull,  ii.  106 
spine  of,  ii.  279 
teeth,  iii.  274 

Cholcepus  Hoffmanni,  vertebral  column  of, 
ii.  16Q 

Chondroptori,  characters  of,  L 13 
vertebral  column,  L 11 
Chromidte,  characters  of,  L 11 
Chromis,  characters  of,  L 11 
Chryochloris,  hair  of,  iii.  G2I 
limb-bonce,  ii.  392 
male  organs  of  generation,  iii.  656 
skull,  ii.  389 
teetli,  iii.  ^ 3^  303 
Chrysophris,  teeth  of,  i*  382 
Ciconia  alba,  generative  system  of,  ii.  257 
Ciconia  argula,  adrenals  of,  ii.  229 
air-j^asaages,  ii.  217-219 
alimentary  canal  of,  ii.  162 
skull,  ii.  51 

C iconia,  dorsal  vert  obne  and  sternum  of.ii.23 
Cinnyrus,  characters  of,  ii,  16 
Cinostemon,  oviposition  in,  L 618 
teguments,  l 560 
vertebral  column,  i.  61 
Cirrostomi,  characters  of,  L 9 
Cistudo  europma.  See  Em)'s  europtea 
Cistudo  triunguis,  lungs  of,  L 526 
Citharinus,  skull  of,  L 116 
teeth,  L 370 

Civet,  bones  of,  ii.  492.  et  seq, 

Clndoidon,  teeth  of,  L 387 
CladubaU'S.  See  Tupaia 
Clospers  of  Fishes,  L 570 
Claws  of  Aves,  ii,  71 
Mammalia,  iii.  623 
Clupeid^,  characters  of,  L 16 
myelencephalon,  L 272 
Clupea,  alimentury  canal  of,  L 121 
nerves,  L 297.  306 
veins,  L 468 
vertebral  column,  L 36 
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Clupes  hart* Dgu»,  alimeotary  caual  of,  L 42Q 
myelcuccphaloD,  L 283 
paucrcun,  L 432 
vertebral  column,  i,  43 
Clupea  sprattua,  myelenccphalon  of,  L 283 
pancreas,  L 430 

Clupea  pilchardua,  pyloric  appendage  of,  L 
iiil 

Coemiomi^t.  characters  of,  ii.  13 
vie  limbs,  ii.  79 
Coati,  bones  of,  ii.  5ul 
Cobitib,  alimentary  canal  of,  L 417 
cendcal  vertebra*  of,  ii.  3Q3 
mycU'Ucephalon,  L 279 
nerves,  L 297,  302 
organ  of  sight,  L 335 
Cobitis  barbulota,  blood  of,  L 500 
organ  of  hearing,  L 345 
teguments,  L 547 

Cobitis  fossilis,  air-bladder  of,  L 491 
semination,  L 590 

Coccosteub,  dermoskcleton  of,  L 196, 197 
locomotion,  L 247 
Coccothraustes,  characters  of,  ii.  10 
Cod.  blood-discs  of,  i.  4 
Coleopterus,  lower  lar}Tjx  of,  ii.  221 
Coliiuse,  characters  of,  ii. 

Culobus  ursiuus,  alimentary  canal  of,  lit. 

4 3.3 

osseous  system,  ii.  519,  543 
Colopterus,  urinary  system  of,  ii.  229 
Coluber,  alimentaiy  canal  of,  u 447 
Coluberconstrietor,  alimentary  canal,  L 413 
liver,  L 45o 

Coluber  guttatus,  alimentary  canal  of,  L 443  | 
liver,  L 450 

Colubri<l»,  pancreas  of,  L 453  I 

teeth,  u 395 

Colugo,  bones  of.  ii.  393 
Columbu,  characters  of,  ii.  13 

alimeotary  caual,  ii.  169,  160. 161. 162. 
168 

myelencephalon,  ii.  120 
sacml  vertebrse,  pelvis,  and  tail,  ii.  32 
scapular  arch  and  limbs,  ii.  33 
skull,  ii.  4^  53 

Columba  galoata,  scapular  arch  and  limbs 
of,  ii.  33 

Columbacei.  chanicters  of,  ii.  13 
alimentary  caual,  ii.  173 
liver,  ii.  177 
locomotion,  ii.  113 
pelvic  limbs,  ii.  32 
scapular  arch  and  limbs,  ii.  70 
sexual  characters,  ii.  257 
skull,  ii.  53 

Colymbus,  characters  of,  ii.  2 
arteries,  ii,  190 
locomotion,  ii.  113 

osseous  svstem,  ii.  28,  ^ ^ 54,  61, 
pancreas,  ii.  178 

Opodylnra,  organ  of  smell  of,  iii.  209 


CBO 

Conirostres,  characters  of,  ii.  lil 
beak  of,  iL  146 

Conger  vulgaris,  vertebral  column  of.  1. 13 
CoDodoD  antilianus,  air-bladder  of,  l.  49, 
CoDtestof  existence,  law  of.  L^zxxix;  iiL 
Coprolites,or  petrified  feces,  of  KlabesvUi^ 
Coracias,  skull  of,  ii.  63 
Coracidae,  cliaracters  of,  u.  II 
* Coricus,  skull  of,  L 119 
i Corpuscles,  Panician,  L 323 
SaviuD,  L 324 

; Correlation,  law  of,  L xxvii  ; iiL  787 
I Corviua,  air-bladder  of,  L 492 
' liver,  L 4M 

' Corvina  trispinosa,  air-bladder  of,  L 49-j 
Corvus,  characters  of,  ii.  Ill 
, beak,  ii.  143 

eggs,  ii.  257 
organ  of  smell,  ii.  130 
: CoiTu.s  corox,  loaer  larynx,  ii. 

(.'orvus  frugileus,  organ  of  sight  of,  ii.  139 
Coryphtena  (»yn.  Lampugus),  ciMinge*  ac- 
I companying  growth,  L 311 
Corypbodon,  characters  of.  ii.  284 
. geological  remains  of,  iii.  792 

I teeth,  iii.  377 

I Corythaix,  osseous  system  of,  ii.  34^  S3 
Corythophanes,  teguments  of,  L 556 
Cossyphus,  teeth  of,  L 371 
Coitus,  alimentary  canal  of,  L 415 
gills,  L 480 
liver,  L 448 

male  organs  of  generation,  L 569 
myeleucephulon,  L 284 
neires,  L 298,  302 
pectoral  limb,  L 168 
pyloric  appendages  andpan<7eas.  L 4») 
Coturnix,  dorsal  vertebne  and  sternum  X 
ii.  21 

Cotylis,  gills  of,  L 431 
Cow,  development  of,  iii.  738 
muscles,  42-45 
Cratieura,  teeth  of,  L 405 
Craticus,  skull  of,  ii.  57 
Crox.  osseous  system  of,  ii.  27,  82^  3^  64 
Crenilabnis,  alimentary  amal  of,  L 410 
teeth,  L 374 

Cricetus,  alimentary  canal  of,  iii.  421 
liver,  iii.  485 
mouth,  iii.  386 

Crocodilia,  blood-discs  of,  L 4 
adrenals,  L 544 
alimentary  canal,  i.  433 
arteries,  L 520 
bh>^  L 501 
brain,  L 295 
character,  L 17 
development,  L 634,  638 
fecundation,  L 615 
generative  organs,  L 583 
male,  L 583 
female,  L 588 
hearing,  organs  of.  L 3*8 


Dlgttiz^xj ' / 


GENEKAL  INDEX. 


875 


CBO 

roood  i Ha  — ^ I n tf a/. 
heHrt,  u 510 
kiiiDcy«.  L 541 
larrnx,  L 529 
liTer,  L 450 
locomot  ion,  L 263 
lun^r*.  L 526 
jnu»cl*'9.  L 222. 

Tert**bral  colnam,  L 65 
skull,  L 135 
OTipositioo,  L 619 
respiratory  actions,  L 531 
sceot'gUnds,  L 562 
aiglit,  orpins  of,  i.  34(» 
ami'll,  orpins  of,  L 331 
teeth,  L l‘>6 
tepuments.  L 557 
thymus  bo*lj  or  gland,  i,  566 
tiiiipuf,  L 438 
Teins,  L 505 

Crocodilurus,  teguments  of,  L 546,  556 

Crocodilus,  alimmiarr  canal  of,  L 439 
dcTelopment,  L 638 
growth  of  bones,  L 25 
locomotion,  L 262 
pectoral  limb,  L 173 
pelric  limb,  188,  190 
skull,  L 135 

«Tm(Mitli»*tic  nerrous  lystem.  L 323 
Crocociilus  acutus,  heart  of,  L 510 
myology,  L 219 
skull.  L 137 

Tertebral  column,  L Mi  67 
Crocodilus  biporcatus,  liter  of,  L 451 
lungs,  L 526 
myology,  L 223 
organ  of  hearing.  L 349 
organ  of  sight,  L 341 
skull,  L 139,  145 
teeth,  L 406 

Tertebral  column,  L §7j  68 
Crop,  or  ingluriea,  of  Ares,  ii.  153 
Crotalidv,  muscles  of^  L 225,  227 
skull,  L 152 
teguments,  L 554 
Tertebral  column,  L 55 
Crotalus  adAmanteus,  alimentary  canal  of, 
L 446 

lirer,  L 450 
pancreas,  L 454 

CroUlus  duriesus,  kidneys  of,  u 539 
muscles.  L 227.  228,  229 
Crotalus  borridus,  lirer  of.  L 446 
teeth.  L ^ 395,  398 
tegument,  L 555 
Tertebral  column,  L 56 
Cryptohranchus.  Set  Menopoma 
Ciypiod^ntia,  characters  of,  L 16 
Crrp(odooti(i»,  characters  of.  L 16 
Ciy  ptopos  Petersii,  teguments  of,  L 557 
CrystaUioe  lens  in  Ares,  ti.  141 
Cl^olabrida;,  characters  of,  L 11 
organ  of  smell,  L 229 


CTH 

Ctenodus,  teeth  of,  L 369,  378 
Cteromys,  organs  of  sight,  iii.  250 
skull,  ii.  378 

Cueulids,  characters  of,  ii.  12 
lirer,  ii.  177 

Coculus,  alimentary  canal  of,  U.  166 
dorsal  rertebrse  and  sternum,  ii.  26 
generatire  system,  iL  255,  257 
liver,  ii.  177 

I CurrucH  lusciois,  lower  larynx  of,  ii.  224 
Cyclobatis  oligodactylus,  peine  arch  and 
limb  of,  L 16i 

Cyclodus,  Tertebral  column  of,  L 56 
Cyclodus  niger,  dermoskeleton  of,  L 196 
skull,  L 155 
teeth,  L 387,  388,  402 
Cyclodus  nigTTiluteus,  kidneys  of,  L 542 
teeth,  i.  402 

Cyclolabridie,  characters  of,  L H 
Cyolopterus  liparis,  gills  of,  i.  481 
C'Tclopterus  lumpus,  alimentary  canal  of, 
L 421 

changes  accompanying  age,  i 612 
kidneys,  L 534,  53*6 
myelencephaion,  L 284 
nerres.  L 298,  306 
organs  of  generation,  male,  L 569 
pelvic  arch  and  limb,  L 180 
Cycloatomi,  characters  of,  L 9 
muscular  system,  L 211 
Cyclura,  dermoskeleton  of,  L 198 
Cygous,  characters  of,  ii.  9 
adrenals,  ii.  229 
' air^lls,  ii.  212 

I alimentary  canal,  ii.  161.  164,  165 

beak.  ii.  148 

develcmment  and  peculiarities  of  the 
' chick,  ii.  265 

development  of  feathers,  ii.  241 
eggs  of,  ii.  255 

' generative  system,  ii.  244 

gland  for  lubricating  its  feathers,  ii.  230 
heart,  ii.  182 
lower  larynx,  ii.  220 
organ  of  sight,  ii.  136.  139,  140 
, spleen,  ii.  230 

. sympathetic  system,  ii.  127,  128 

^ tongue,  ii.  151 

I Cygnus  stratus,  development  of  feathers  of, 
* ii.  241 

period  of  inculMtion,  ii.  257 
Cynocephalus  porcarius,  osseous  system  of, 
ii.  6^  562 
spleen,  iii.  562 

Cynocephalus  sphinx,  msophagus  of,  iii.  432 
Cvnocephalus  Toth,  osseous  system  of,  ii. 

'511 

Cynogale  barbatus,  limb-bones  of,  ii.  510 
teeth,  iii.  661 

Cyprinidie,  characters  of,  L 19 
alimentary  canal,  L 410.  417 
arteries,  L 489 
Tertebral  column,  L 46 
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Cyprinodon,  chnnw'ters  of,  L lH 
Cyprinodontidip,  characters  of,  L lii 
Cyprinus  carpio,  niyelenccphalon  of,  L 275, 

2HG 

ncn  ea,  L 297 
orpan  of  hearing,  L 345 
skull,  L H>4,  116 
Cypt*i  lidiD,  characters  of,  ii.  11 
muscU'S  of  the  wings,  ii. 
myc Irncephalon.  ii.  117 
osseous  system,  ii.  21 

dorsal  Tertehrse  and  sternum,  ii.  21 
scapular  arch  and  limbs,  74 
Cypselns,  alimentary  canal  of,  ii.  IM. 
dorsal  vertebrae  and  sternum,  ii. 
pelvic  limbs,  ii.  83 
SHcnil  vcrtehrm  and  tail,  ii.  62 
Cystignathus  pachypus,  vertebral  column 
of,  L fiQ 

Cystophyra  cristata,  heart  of,  621 
teeth,  iii.  336 

vertebral  column,  ii.  496.  497 
Cystophom  pml>0‘*cidea,  skull  of,  ii.  496,407 
teeth,  iii.  332 


DACEIjO,  pelvic  limbs  of,  ii.  81 
Daclylothra,  larynx  of,  L 622 
teeth,  L 392 
teguments,  L 551 

Ductylethra  Mullcri,  tegument  of.  L 551 
Ductyloptenis  {»un.  Cepliulocanthus),  air- 
bladder  of,  L 491 
changes  with  ago,  L 612 
locomotion,  L 257 
niyelenccphalon,  L 271 
iH'cioral  limb,  L 1^ 
skull,  L 1 19 

Dapt'diuM,  characU*rs  of,  L 12 
Dasypoilidte,  characters  of,  ii.  279,  226 
organs  of  taste,  iii.  193 
Dttsyrroi’ta,  characters  of,  ii.  270 
alimentary  canal,  iii.  423 
limb-bones,  ii.  379 
lungs,  iii.  577 
niaiiimar}’  glands,  iii.  776 
organs  of  gencmlion,  male,  iii,  651 
organ  of  taste,  iii.  L22 
vertebral  column,  ii.  365 
Dasypus  6-cinctus,  alimentary  canal  of,  iii. 
447 

female  organs  of  generation,  iii.  622 
limb-lsmcH.  ii.  408 
liver,  iii.  484 
lungs,  iii.  578 

Dasypus  gigas.  skull  of,  ii.  408 
Dasypus  mucrurus,  thyroid  gland  of,  iii. 

556 

Dasypus  pebn,  alimentary  canal  of,  iii.  440 
aeveiopment,  iii.  731 
hmrt.  iii.  520 
limb-b<uies.  ii.  408.  409 
’•W,  iii,  181 


PEL 

Dasypus  peba 

lungs,  iii.  677 

mouth,  iii.  390 

organ  of  taste,  iii.  193 

organs  of  generation,  fezn&le,  iii.  69S 

salivaTT  glands,  iii.  400,  4Q2, 

skull,  ii.  404 

spleen,  iii.  660 

vertebral  column,  ii  393.  .391 
Dasyurithe,  muscles  of,  ii.  14 
Dasyurus  laniarius,  teeth  of,  iii.  291 
Dasyurus  macrurus,  alimentary  at 

iii.  412.  420 
limb-l>oDets,  ii.  360.  361 
muscles,  iii.  14 
organ  of  taste,  iii.  L2J 
salivaiy  glands,  iii  39ft 
thymus,  iii.  567 
th^Toid  gland,  iii.  565 
xinnary  system,  iii.  6o6 
Das)*uru»  Maugei,  skull-lonea  of,  ij,  311 
Dasyurus  ursinus,  characters  of,  ii 
alimentary  canal,  iii.  411 
larvnx,  iii  586 
limb-bones,  ii.  359 
mesencephalon,  iii.  98 
prosencephalon,  iii.  104 
skull,  ii.  342.  343 
teeth,  iii.  286 
urinary  system,  iii.  606 
Dasyurus  viverrinus,  female  organs  of  |r- 
neration  of,  iii  681 
organ  of  taste,  iii.  I2I 
urinary  system,  iii.  606 
Deer,  bones  of,  ii.  464,  478 
horns,  iii.  627 
skeleton,  ii.  285 

Degeneration,  L xxxii ; ii.  12  ; iii.  795 
Doirodou  {syn.  Rachiodon)  acabrr,  aliaea- 
tary  canal  of,  L 440 
teeth.  L 323 

vertebral  column.  L ^ ^ 

Delphinidip,  larynx  of,  iii.  587.  .5ftft 
limb-bones,  ii.  427 
nerves,  iii.  162 

organ  of  hearing,  iii.  224.  225 
organ  of  smell,  iii.  204 
organ  of  UwUe,  iii.  194 
protM‘ncephalou,  iii.  1 19 
skull,  ii.  424 
fectli,  iii.  279 
thyroid  gland,  iii.  566 
vertebral  column,  ii.  419 
Delphimis  dolphis,  arteries  of,  iii.  53g 
brain,  iii.  146 
cerel»ellum,  iii.  21 
female  organs  of  generation,  iii. 
macpjniyelon,  iii.  84 
prosencephaluD,  iii.  115.  120 
teeth,  iii.  26^  281.  282 
vertebral  column,  ii.  417 
Delphinos  griseus,  organ  of  sight,  iii.  366 
teeth,  iii.  266,  2tki 
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DKL 

Dvlphinusleucas,  nkull  of,  ii.  425 
twth,  iii.  281 

IVlphinu»  tureio,  lirab-bonefi  of,  ii.  427,  A2B 
or^n  of  henring,  iii.  221 
vertebrate  column,  ii.  416.  419 
Demlroduf,  teeth  of,  L 367,  368,  378 
Dendruphi!*,  locuntotion  of,  L 261 
Dentine,  UMteo-  and  vaflO',  of  the  teeth  of 
FiHhc«,  L 376 

Dontirwtrea,  characters  of,  ii.  ID 
Derivative  law,  iii.  799 
Derm,  L 545 

white  and  yellow  fibres,  L 645 
of  Mammalia,  iii.  610 
Dormcwkeloton  of  Fishes,  L 193 
Reptiles,  L 1D8 

Dennopteri,  characters  of.  L 2 

development  of  vertebras  of,  L 31 
myelencephalon,  L 271 
Desmodus,  alimentary  canal  of,  iii.  429 
organs  of  taste,  iii.  192 
organs  of  touch,  iii.  190 
t<*cth,  iii.  31D 
Development,  initial  steps  of,  L 640 
Birds,  ii.  259 
Fishes,  h 6Q1 
Mammalia,  iii.  711 
Reptilos,  L 630 
Developmental  anatomy,  L vii 
Diehobune.  characters  of,  ii.  286 
Dichoilon,  ebameters  of,  ii.  286,  287 
teeth,  iii.  ^ 3Zi 
Dicolyles,  characters  of,  ii.  286 
alimentary  canal,  iii.  458 
gland  opening  on  the  trunk,  iii.  636 
limb-lKjnes,  ii.  480,  481 
liver,  iii.  481 
organs  of  smell,  iii.  213 
teeth,  iii.  340 
vertebral  column,  ii.  458 
Dicyno»lon.  skull  of,  u 159,  160 
teeth,  L 399 

Dicynoilontidie,  characters  of,  L ID 
l>icyD<xluntiu,  characters  of,  L ID 
skull,  L 159 

Dievnodou  tigriceps,  pelvic  arch  and  limb 
of.  L 122 

Didelphis  Azane,  development  of,  iii.  723 
Didelpbis  brachyura,  alimeutary  canal  of, 
iii.  ill 
lungs,  iii.  577 

Didelpbis  CHDcrivoro,  month  of,  iii.  383 
teeth,  iii.  289 
vertebral  column,  ii.  332 
Didelphis,  characters  of,  ii.  275 
limb'bones,  ii.  355 
macromyelon,  iii.  82 
mammary  glands,  iii.  774 
mosonc'ephalon,  iii.  105 
muscles,  iii.  14 
organ  of  sight,  iii.  261 
skull,  ii.  ail 
teeth,  iii.  288 


DIP 

Didelphis  dorsigera,  mammary  glands  of, 
iii.  2Ii 

organs  of  generation,  female,  iii.  681 , 
682 

Didelphis  niurina,  pn*»eneephalon  of,  iii. 104 
Didelphis  opossum,  lary  nx  of,  iii.  584 
male  organs  of  gonenition,  iii.  648 
Didelphis  philander,  alimentary  canal  of, 
iii.  420 

organ  of  taste,  iii.  121 
Didelphis  ursina,  teeth  of,  iii.  360 
Didelphis  virginiann,  alimentary  canal  of, 
iii.  411 

limb*bones,  ii.  353 
mammary  glands,  iii.  769,  773 
organs  of  generation,  female,  iii.  DB2 
organ  of  sight,  iii.  248 
organ  of  taste,  iii.  191 
prosencephalon,  iii.  104 
skull,  343 

vertebral  column,  ii.  332.  334 
Didus,  characters  of,  ii.  ^ 18 
skull,  ii.  4^  49^  82 
Dimor|>hodon,  characters  of,  L 18 
teeth,  L 405 

Dinornis,  chiiractorsof,  L xxxiii. ; ii.  12. 13 
generative  system,  it.  256 
osseous  system,  ii.  20,  2L  ^ 35, 
48-51.  5Gi  61-66,  2D 
1 Dinosauria.  characters  of,  L 18 
I vertebral  column,  L 2D 

I Dinutherium.  characters  of,  ii.  282,  296 
teeth,  iii.  343,  358i  MDj  828 

I vertebral  column,  ii.  440 

I Diodon,  air-!)lad<ler  of,  L 491 
alimentary  canal,  i.415 
dermoskeleton,  L 128 
gills,  L 478,  481 
myelencophslun,  L 272 
nerves,  L 306 
skull,  L 109,  118,  124 
te«*th,  L 378 

Diumedsea,  characters  of,  ii.  D 
locfimotion,  ii.  LID 
lower  larynx,  ii.  22.'> 
osseous  system,  ii.  ^ ^ ^ 67, 

71,  83 

Dipbyodonts,  teeth  of.  iii.  283 
Sirenia,  iii.  283 
Marsupialin,  iii.  285 
Rodentia,  iii.  294 
Insectivorn,  iii.  3D1 
Quadrumana.  iii.  313 
Bimana,  iii.  322 
Carnivora,  iii.  327 
Dipnoa,  characters  of,  L L 8 
Dipodidse,  organ  of  sight  of.  iii.  248 
Diprotodon,  teeth  of,  ii.  405 ; iii.  291,  293 
■ Dipsadidxe,  organ  of  sight  of,  i,  338 
I Dipsas  cynotlon,  teeth  of,  L 395 
DiptcridT,  characters  of,  L 12 
Dipterus,  characters  of,  i*  12 
Dipus  bugitta,  limb-bones  of,  ii.  3S3 
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Pipox  Mptta — rrmtintuxi, 
liTcr,  iii.  Ifii 

orj^ns  of  generation,  male,  iii.  6o4 
ekull,  ii.  376 
vertebml  column,  ii.  366 
PiecoboU,  skull  of,  L UA 
PisfMglwsus,  teeth  of,  L 392 
Disphulidus,  liver  of,  L 
Pog,  alimenUry  canal  of,  iii.  443 
l>ones,  ii.  492.  et  teq. 
ear,  iii.  235 
locomotion,  iii.  69 
oigans  of  generation,  iii.  67Q 
organ  of  smell,  iii.  215 
teeth,  iii.  330.  331.  373 
Doliehotis,  mammary  glands  of,  iii.  775 
skull,  ii.  377 
teeth,  iii.  297 

Polphin,  Ixinosof,  ii,  416,  418 
brain,  iii.  1 1 5,  119 
toi-th.  iii.  281 

Dorcatherium,  characters  of,  ii.  286 
Poucs,  bones  of,  ii.  519,  ft  $eq, 

Draco  volans,  characters  of,  L xii. 

alimentary  canal,  L 433,  434.  441, 
448 

liver,  L 449.  451 
locomotion,  L 284 
male  organs  of  generation,  L 5&0 
myelencephalon,  L 268 
pectoral  limb,  L 175 
skull,  u 156 
teguments,  L 556 
vertebral  column,  L 88 
Prills,  bones  of,  ii.  532.  et  sfg, 

Promaius,  alimentary  canal  of,  H.  L82 
heart,  ii.  185,  188 
kidnera,  ii.  227 
liver,  ii.  177 
lower  larynx,  ii.  220 
lungs,  ii.  219 

osseous  sj'stem,  ii.  2^ 24,  ^ 3j^^  52, 
^88 

tegumentary  system,  ii.  235,  257 
Promctlar}*.  Sf^  Camelus. 

Pryinus  nasutus,  teeth  of.  L 395 
Drj'ophia,  organ  of  sight  of,  L 338 
organ  of  taste,  L 327 
Piigong,  alimentary  canal  of,  iii.  47>5 
hones,  ii.  430 
diaphragm,  iii.  2 
lieart,  iii.  821 
pancreas,  iii.  495 
respirator}*  system,  iii.  579 
teeth,  iii.  283 
urinary  system,  iii.  607 
Pule.s  inaculatus,  air-bladder  of,  L 491 


AH,  parallel  between  the  eye  and  the, 
iii.  261 

Echeneis  remora,  changes  with  growth  of, 
L 812 

dermoskpletoD,  u 196 


EkK 

Echeneis  remora — ctmiinued. 
liver,  L 426 

myeleucephaloD,  L 274 
myolo^,  L 211 
teeth,  L 377 

Echidna.  See  Vipera  ariet&ns. 
Echidna,  characters  of,  ii.  275.  297 
cerebellum,  iii.  89 
development,  iii.  767 
mammary  orgaDB.  iii.  766 
mouth,  iii.  383,  385,  896 
muscle.s,  iii.  1 
2D3*eloo,  iii.  Zk. 

! organs  of  generation,  feznale, 

I 644 

organ  of  hearing,  iii.  228 
organ  of  smell,  iii.  208 
osseous  system,  ii.  31 1.  31  j 
I vertebral  column,  ii.  816-319 

limb-bones,  ii.  325-328 
’ prosencephalon,  iii.  102.  103. 128 

salivary  glands,  iii.  396.  397.  4^ 
teeth,  iii.  265 

, Echimyida.  teeth  of,  iii,  299 
Echimys.  liver  of,  iii.  485 

mammary  glands,  iii.  775 
Echinops,  teeth  of,  iii.  309 
Edentata,  characters  of,  ii.  278.  29-1  r 
Bruta. 

Edentula,  characters  of,  ii.  296 
Edestes.  dormoskeleton  of.  L IQ* 

Klaphis  4-lineatu.s,  male  organs  oi 
tion  of,  L 680 

’ Ela.smolheriuro,  characters  of.  ii.  284 
Electric  organs  of  Fishes,  L 213.  352 
Electricity,  relations  between,  and  the  a«r 
mw  and  muscular  forces,  L 316-31g 
Eleginus,  air-blad<ier  of,  L 493 
, Klk,  bones  of,  ii.  478 
I Elephant,  alimentary  canal  of,  iiL  48Z 
, bones,  ii.  437 

j generation,  iii.  740 

t liver,  iii.  479 

mouth,  iii.  390 
I muscles,  iii.  49 

j nerves,  iii.  182 

j nervous  system,  iii.  15 

I organ  of  hearing,  iii.  232 

organ  of  sight,  lii.  246 

' organ  of  smell,  iii.  219 

' peritoneum,  iii.  503 

proboscis,  iii.  390 
respiratory  system,  iii.  580 
skeleton  of  the,  ii.  282 
teeth,  iii.  276.  359 
1 tusks,  iii.  359-361 

I tongue,  iii.  194 

Klcphas,  characters  of,  ii.  282 
I cerebellum,  iii.  90 

muscles,  iii.  49j  66 
myelon,  iii.  16 
teeth,  iii.  2^  M3j  359-361 
vertebral  column,  iii.  440 
Elephaj*  africanus,  skull  of.  ii.  43S. 
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ELE 

Elephas  indicns,  brain  of,  iii.  IA2 
deyelopment,  iii.  740 
limb-bom‘8,  ii.  443  ! 

mouth,  iii.  390 

organs  of  generation,  female,  iii.  692 
organ  of  hearing,  iii.  232  j 

organ  of  sight,  iii.  260  . 

prosencephalon,  iii.  123 
skull,  ii.  439  I 

Tertebral  column,  ii.  437  | 

Elephas  primigenius,  hair  of,  iii.  618  j 

toetli,  iii.  362  I 

Elop«,  skull  of,  L 125  I 

Elosia,  alimentary  canal  of.  L 436  I 

Kml>allonQra,  glandular  cutaneous  sac  on  ! 

the  anterior  border  of  the  wing  of,  iii.  638 
Emberiza,  characters  of,  ii.  10  I 

Embryology,  ii.  rii,  xx 
EraydaceyloneDsis, teguments  of.  L567.558 
Emys,  characters  of,  L H 
derelopment,  L 639 
pancreas,  l 454 
pelric  arch  and  limb,  L 187 
skull,  L 127,  130,  134 
Tertebral  column,  L 61,  M 
Emys  Cistudo)  europaea,  absorbents 

of,  L Ml 

alimentary  canal,  L 441-445,  447 
blood,  L 501 

heart,  L 510  I 

kidneys,  L 511  | 

larynx,  L 529 

liver,  L 448.  450  | 

myology,  i.  231-242 
organs  of  generation,  male,  L 582,  583 
female,  L 587 
organ  of  sight,  L 389,  340 
pancreas.  L 454 
pectoral  limb.  L II3 
pelric  arch  and  limb,  L 186.  187 
skeleton,  L 60 
skull,  131,  132 

sympathetic  nerrous  system,  L 322 
Emys  picta,  derelopment  of,  L 639 
oriposition,  L 618 

Emys  reticulata,  alimentary  canal  of,  L 464 
blood,  L 501 
lirer,  L 450 
pancreas,  L 454 

Emys  serrata,  alimentary  canal  of,  L 446 
blood,  L 501  , 

liver,  L 4.50 
pancreas,  L 454 

Emys  terrapin,  liver  of,  i.  450.  454  ' 

Enhydra,  alimentary  eansi  of,  iii.  445  | 

mammary  glands,  iti.  780 
organ  of  hearing,  iii.  2M 
teeth,  iti.  333,  336  1 

Entelodon,  characters  of,  ii.  286  l 

Kperlanus,  nerves  of,  L 298 
Kphippus,  changes  accompanying  growth 
of.  i.  612 

organ  of  hearing,  L 343 


ERI 

Ephippus — continued 

skull,  L IMi  Uih  m 
Kpibulus.  iSec  Spams 
Epiderm,  L 545 
Aves,  ii.  232 
Mammalia,  iii.  613 
Epigenesis,  iii.  RQO 
Equation,  organic,  L xxvii 
Equidsc,  characters  of,  ii.  283. 296  ; iii.  291 
arteries,  iii.  534 
development,  iii.  737 
epiderm,  tii.  6i  6 
larymx,  iii.  593 
limb-lK)nes,  iii.  308 
skull,  ii.  451 

Equus  caballns,  characters  of,  L xxxii,  360 ; 

ii.  2M^  310 

adrenals,  iii.  570 
alimentary  canal,  in.  458-460 
cerebellum,  iii.  fil 
development,  iii.  734-736 
epiderm,  iii.  616 

hair,  iii.  617 
heart,  iii.  522 
larynx,  iii.  592 
limb'bones,  ii.  456 
liver,  iii.  479 
mammary  glands,  in.  778 
macromyelon,  iii.  85 
mesencephalon,  iii.  06 
mouih,  iii.  391 

muscles,  iii.  ^ ^ 34^  ^ 4^  ^ 67 
organs  of  generation,  male,  iii.664-6C7 
female,  iii.  694 
organ  of  hearing,  iii.  232 
organ  of  smell,  iii.  212 
otgan  of  taste,  iii.  105 
prosencephalon,  iii,  114,  120,  121,  123 
pancrens,  iii.  495 
salivary  glands,  iii.  403 
skull,  ii.  451,  453 
spleen,  iii.  56J 
teeth,  iii.  ^ 3Mi  3^  355 
thyroid  gland,  iii.  565 
urinary  system,  iii.  607 
vertebral  column,  ii.  447 
Equus  asinus,  alimentary  ainal  of,  iii.  448 
epiderm,  iii.  616 
prosencephalon,  iii.  142 
thyroid  gland,  iii.  665 
E]uus  quagga,  alimentary  canal  of,  iii, 

iia 

Exjuiis  zebra,  alimentary  canal  of,  iii.  448 
epiderm,  iii.  616 
liabitat,  iii.  794 
Esquimaux,  skull  of,  ii.  666 
Erethizon,  liver  of.  iii.  485 
mammary  glands,  iii.  775 
EricnluH,  teeth  of,  iii.  309 
Erinaceidte,  characters  of,  ii.  296 
skull,  ii.  300 

Erina^us  euro|«ua,  alimentarv  canal  of, 

iii.  4^ 
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Erinacpus  curopcua — <xmtinu(d. 
art#ries,  iii.  535 
brain,  iii.  1Q8 
characlers,  ii.  297 
dcTclopment,  iii.  730 
hair,  iii.  021 
hybernation,  ii.  i. 
larynx,  iii.  596 
lirer,  iii.  481 
lungff,  iii.  577 
mummary  glancU,  iii.  770 
niiisclea,  iii.  10 
myelon,  iii.  L4  . 
organs  of  generation,  male,  iii.  089 
pancreas,  iii.  194 
placenta,  iii.  730 
proHoneephalon,  iii.  199 
skull,  ii.  390 
spines,  iii.  022 
sple<'n,  iii.  509 
subcutaneous  fat,  iii.  785 
teeth,  iii.  3tl8 
thymus,  iii.  568 
veins,  iii.  553 
vertebral  column,  ii.  38»5 
Erythrinus,  skull  of,  L IIP,  120 
Kiy  tlirinus  salviis,  air-bladder  of,  L 492 
Etylhriuus  twuiatus,  air-bhwlder  of,  L 492, 
494 

Eryx  jaculus,  teguments  of,  L 004 
EsocidiP,  chameters  of,  L 19 
Esox  lueius,  clmractcrs  of,  L 19 
alimentary  canal,  L 421 
arteries,  L 489 
dcrolopment,  L 093 
ncn  cs,  L 297 
organ  of  sight,  L 340 
ovulation,  L 595 
teeth,  L 381 
ti-gumeiitfl,  L 547 
veins,  L 468 
vertebral  column,  L 37 
Eucncrais,  teeth  of,  L 392 
Knphones,  alimentary  canal  of,  ii.  161^  100 
Euphysetes  simus,  larynx  of,  iii.  588 
skull,  ii.  420 
teeth,  iii.  281 
vertebral  CDlumn,  ii.  410 
Euplen‘8,  limb-lxjncs  of,  ii.^019 
Euphntctus,  teeth  of,  iii.  273 
Evolution,  iii.  899 

Exoecetus,  alimentary  canal  of,  L 413 
locomotion,  L 257 
myelencephalon,  L 271 
pf-ctoral  limb,  L 168 
teeth,  i.  377 
Eye  of  Aves,  ii.  142 
of  Fishes,  L 1^2 
Mammalia,  iii.  240 
Reptiles,  L 337 


X\CI  AL  angle,  progression  of  the,  ii.  571, 
: 572 


'ft 


FEL 

Faeces,  petrified,  orooprolites,  of  Fishe*.  L424 
Repitile:!*,  i 44<S 

Falco,  adrenals  of,  ii.  230 

appendages  of  the  tegnment,  iL  243 
n^e  organs  of  generation,  iii. 
organ  of  sight,  ii.  137 
osseous  system,  ii.  3^  09 
Feathers,  component  parts  of,  ii.  202 
development,  ii.  230 
moulting,  ii.  241 

unctuous  fiuid  of  Birda  for  lubricatiac. 
ii.  239 

Felidae,  alimontarv  canal  of,  iii.  433 
brain  of.  iii.  'U6^  118,  125,  128 
locomotion,  iii.  09 
mammaiy  glands,  iii.  780 
muscles,  iii.  51 
nen  es,  iii.  159,  Lfil 
organ  of  hearing,  iii.  235 
osseous  system,  ii.  488 
skeleton,  iii.  488 
limb-bones,  iii.  510 
placenta,  iii.  742-744 
teeth,  iii.  328,  3^  369.  370 
urinary  system,  iii.  605 
Felis  caracal,  organ  of  taste  of,  iii.  19S 
Folis  catus,  development  of,  iii,  743 
larynx,  iii.  596.  597 
mammary  glands,  iii.  780 
muscles,  iii.  51 

oigans  of  generation,  male,  iii.  671 
organ  of  sight,  iii.  252 
pancreas  Ascllii,  iii.  512 
prosencephalon,  iii.  116,  117 
skull,  ii.  506 
tongue,  iii.  198 
Felis  jui>ata,  brain  of,  iii.  118 
Felis  leo,  alimentary  canal  of,  iii.  442,  443 
arteries,  iii.  535 
development,  iii.  744 
heart,  iii.  523 
larynx,  iii.  596 
liver,  iii.  485 
locomotion,  iii.  70 
lungs,  iii.  582 
mane.  iii.  641 
muscles,  iii.  51 

organs  of  generation,  male,  iii.  671 
organ  of  sight,  iii.  252 
organ  of  smell,  iii.  216 
osseous  system,  ii.  288  et  f>tq. 
limb-bones,  ii.  288.  2^9 
vertebral  column,  ii.  492.  493 
skull,  ii.  505.  5o6 
pelvis,  ii.  511 
pancreas,  iii.  496 
tcc-th,  u 362 : iii.  32L  328 
tongue,  iii.  198 

Felis  leopardus,  female  organs  of  gmrrt- 
tion  of,  iii.  7(f0.  701 
organ  of  taste,  iii.  198 
Folis  on<;a,  nerves  of.  iii.  175,  L81 
organ  of  taste,  iii.  198 
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Felis  tigris,  heart  of,  iii.  .*>23 
lungs,  ill.  582 

male  organs  of  generation,  iii.  C7I 
organ  of  hearing,  iii.  234.  235 
skull,  ii.  505 

Fiber  sibethicus,  skull  of,  ii.  375 
Fins  of  Fishes,  L 252 
Fishes.  Srt  Pisces 
Fistulariid^,  characters  of,  L 13 
Tcrtebml  column,  L 11 
Fissirostres,  chnracters  of,  ii. 
beak,  ii,  ^ 

Flat-head  Indian,  skull  of,  ii.  .*>08 
Flounders,  absence  of  air-bladder  in,  L 255 
Foetal  formation  in  Mammalia.  Sre  Mam- 
malia. 

modifications,  iii.  7.51 
circulation,  iii.  755 
Foot  in  Artiodactyla,  ii.  2M 
Bruta,  ii.  4(i9 
Carnivora,  ii.  507 
Man,  ii.  670 
Marsupial  ia,  ii.  301 

p^es  saltatorii,  ii.  3B1 
Perissodnetyla,  ii.  4»37 
Proboscidia,  ii.  444 

Fomiifaction,  iii.  pp.  499.  514,  559.  5G3, 
569.  813 

Fox,  bones,  ii.  492.  et  sfq. 
brain,  iii.  118 
nerves,  ii.  175 

F'rancolinus,  dorsal  vertobnc  and  sternum 
of.  ii.  21 

Fratercula,  external  sexual  characters  of, 
ii.  251 
skull,  ii.  61 

Fngilus,  bones  of,  ii.  32 
Fringilla,  characters  of,  ii.  16 
organ  of  touch,  ii.  128 
Fringilla  cwb'bs,  eggs  of,  ii.  257 
Frog,  blood-discs  of.  i.  4 
GalranTs,  L 315-317 
locomotion,  L 262 
Fulica,  locomotion  of,  ii.  113 
Fumaria,  lower  larj'nx  of,  ii.  224 


GADIDiE,  characters  of,  L 16 
air-bladder,  L 493 
liver,  L 425 
pectoral  limb,  L 163 
pyloric  appendages  and  pancre.ts,  L 
430 

Gadus,  air-bladder  of,  L 492 
nlimentary  ntnnl,  L 421 
arteries,  L 489 
gills,  L 161 
nerves,  u 292 

pyloric  appendages  and  panerras,  L 
432 

veins,  L 468 
vertebral  column.  L 43 

VOL.  III. 


GAS 

Gadus  sglefinus,  vertebral  column  of,  L 16 
Gadus  calInriAs,  gills  of,  L 483 
Gadus  navuga,  air-bladder  of,  L 492 
vertebral  column,  L.  36 
Galago  calabariensis,  ctecum  of,  iii.  431 
Galago  Mohuli,  csecum  of,  iii.  131 
Oalaxidse,  characters  of,  L 16 
Galbulidse,  characters  of,  ii.  U 
Galeoynus,  skull  of,  ii.  503 
Galoocerdo,  alimentary  canal  of,  L 422 
Galeopitbccus  Philippiuensis,  alimentary 
canal  of,  iii.  429 
interfemoral  flap,  iii.  612 
lungs,  iii.  577 

male  organs  of  generation,  iii.  657 
vertebral  column,  ii.  512 
Galcopithecus  rolans  (syn.  Temminckii), 
alimentary  canal  of,  iii.  430 
limb-bones,  ii.  393 
nipples,  iii.  776 
skull,  ii.  387,  526 
spleen,  iii.  562 
teeth,  iii.  Uls  312,  313,  366 
vertebral  column,  ii.  512 
Oalcsaunis,  nlimentary  canal  of.  L 409 
GiUeus,  alimentary  canal  of,  L 423 

female  organs  of  generation,  L 575 

I heart,  L 474 

I kidneys,  L 536 

liver,  L 426.  427 
organ  of  sight,  L 334.  336 
I vertebral  column,  L 33,  33 
' GjiHofes,  alimentary  canal  of,  L 445 
Gall-bladder,  b 427.  451  ; ii.  177 
j Oallinocei,  characters  of.  ii.  16 
I alimentary  canal,  ii.  159.  173 

1 dorsal  vertebne  and  sternum,  ii.  21 

• sacral  vertebne,  pelvis,  an«l  tail,  ii.  32 

; Gallinula,  locomotion  of,  ii.  113 

Gallophnsis,  generative  system  of,  ii.  2.j7 
' Gallus,  characters  of,  ii.  U. 

I alimentary  i*anal,  ii.  159 

I arteries,  ii.  203 

development,  ii.  259-262 
generative  system,  ii  213.  245.  216- 

I nerves,  ii.  122 

I uorvoUB  system,  ii.  118 

j osseous  system,  ii.  14,  22 

I Galvani's  frog,  L 3 1 5-3 1 7 
I Ganglionic,  or  symjiiatbetic  .•VM(<  m,  i.  267 
Ganglions,  absorbent,  iii.  604 
, Ganocophala,  chameters  of,  L x.xxviii.  6,  L4 
' skull,  L S3 

Oanoidei,  characters  of,  L xxvii,  L2 
vertebral  column,  L 41. 

Gasterosteus,  alimentary  canal  of,  L 421 
demioskelctun,  i 193 
development,  i 601 
fecundation,  L 614 
1 nerves,  i.  298 

j ovulation,  L 594,  596,  599 

* Gasterosteus,  ovarian  egg  of  l!jc,  L L 
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Gastric  glands,  ii.  Id2 
Gastric  juice,  iii.  437 
Oavialis,  liver  of,  L 451 
teeth,  L 406 

Gecko,  reproducible  parts  of,  L 567 
locomotion,  L 263 
Geckotidff,  lamyx  of,  L 522 
locomotion,  L 2^ 

Gempylus,  characters  of,  L xxxiit 

changes  accompanying  grovrth,  L 812 
Generative  products  and  development  in 
Unematoorya,  L 589 
Fishes,  u 589 
Reptiles,  L 614 
Aves,  ii.  251 

Geococcyx,  osseous  system  of,  ii.  ^ 36 
Geomys,  thyroid  gland  of,  iii.  565 
Gibbons,  bones  of,  ii,  520,  et  seq. 
muscles,  iii.  53 

Giraffe,  alimentary  canal  of,  iii,  471 
bones,  ii.  463,  475 
brain,  iii.  1 14 
development,  iii,  739 
horns,  iii.  6^ 
liver,  iii.  4R0 

Glareola,  sternum  of,  ii.  26 
Glaucopis,  vat  ties  of,  ii.  129 
alimentary  canal  of,  ii.  Ill 
Glisorex.  See  Tu|^ia 
Glypbisodon  saxatilis,  liver  of,  L 426 
Glyphisodon,  vertebral  column  of,  L 44 
Glyptodon,  charactere  of,  ii.  297 
limb-bones,  ii.  409 
skull,  ii.  405 
teeth,  iii.  271.  273 
vertebral  column,  ti.  393.  395 
Gyps,  osseous  system  of,  ii.  Ii  ^ 46 
Goat,  oi^ns  of  generation  of,  iii,  667 
Gobiesox.  gills  of,  L 480 
Gobioid  6shes,  locomotion  of,  L 257 
Qobius,  fecundation  of,  L 614 
Gobiidfle,  diameters  of,  L 14 
Ooniopholis,  dermoskeh-ton  of,  L 129 
Goose,  blooil-discs  of,  L 4 
Gorilla.  See  Troglotlj'tes  Gorilla 
Goura,  characters  of,  li.  12 
dorsal  vertebrae,  ii,  27 
sacral  vertebrae,  pelvis,  and  tail,  ii. 

sexual  characters,  ii.  257 
Grallatores,  character  of  the  order,  L 2 
Grampus,  teeth  of,  iii.  281 
Greenlander,  skull  of,  ii.  565 
Orus.  alimentary  canal  of,  ii.  1Z3 
pancreas,  li.  178 

Grus  autigone,  lower  larynx  of,  ii.  220 
osseous  system,  ii.  2!^  61 
Grus  cinorea,  air-passages  of,  ii.  218 
lower  larynx,  ii.  220 

skuU,  ii.  56 

Grus  Stanleyanus,  lower  larynx  of,  ii.  222 
0ms  virgo,  generative  system  of,  ii.  243 
liver,  ii.  177 


bj:m 

Grus  viigo — continued, 
lower  larynx,  ii.  220 
osseous  system,  ii.  23j  81 
Guinea-pig,  generation,  iii.  727 
organs  of  generation,  iiL  6^ 
osseous  system,  ii.  380 
Gulo  arcticus,  organ  of  bearing  of,  iiL  2^ 
skull,  ii.  521 

Gymnarchua  niloticus,  electric  organs  cL 

L 352 

Oymnetnis,  air-bladder  of,  L 493 
Gymnodontidie,  characters  of,  L II 
Gymnopus,  skull  of,  L 130 
vertebral  column,  L 61 
Gjmnotidse,  characters  of,  L 111 
pelvic  arch  and  limb.  L 179 
Gymnotus,  alimentary  canal  of,  L 429 
arteries,  L 489 
electric  organs,  L 350 
muscles,  L 211 
vertebral  column.  L 43 
Gymnotus  electricus,  air-bladder  of,  L 4il 
electric  organs,  L 352-3A4.  3»>6.  357 
male  organs  of  generation,  L 6€9 
nerves,  L 273 

Gymnotus  equilabiatus,  air-bladder  of. 

m 

Gymuura.  skull  of,  ii.  390 
teeth,  iii.  326 

Gypogemnus,  alimentary  canal  of,  iL  171 
osseous  system,  ii.  23 

dorsal  vertebrae  and  stemum.  L 
23 

pelvic  limbs,  ii.  81 
GjTcncephala,  characters  of.  ii.  272 
brain,  iii.  1 14 
generative  or^os.  iiL  641 
locomotion,  iii.  24 
nerves,  iii.  147 

nervous  system,  iii.  9^  et  eeq, 
mesencephalon,  iii.  98 
prosencephalon,  iii.  ^ Hi,  124 
urinary  system,  iii.  604 
Oyrosteus,  growth  of  bones  of,  L 24 


HABROCOMA,  mammnrv  glands  oC, 

m 

Uaematocrya,  absorbent  system  of,  L 455 
circulating  system,  i.  463 
digestive  s}*atem,  i*  359 
dental  tissues,  L 3/»9 
goDcnitive  products  and  derelopmest. 
L 562 

generative  system,  L 568 
muscular  system,  L 200 
nervous  system,  L 266 

nervous  tissues,  L 266 
myenccphalic  membranea,  L 394 
sympathetic  nervous  sYstem.  l. 
318 

organ  of  touch,  u 325 
taste,  L 327 
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HsematoeryA— 

organ  of  smell,  L 328 
sight,  L 331 
hearing,  L 342 
electric  organs,  i.  35o 
orders,  L & 

L Cirrostomi,  i.  ft 

II.  Cyelostomi,  Lft 

III.  Malacopteri,  L ft 

IV.  Anocanthini,  L IIL 
V,  Acanthopteri,  L 111 

VI.  Plecto^Hlhi,  L U 
VII.  Lophobranchii,  L 12 
VUI.  Oanuidei,  L 12 

IX.  Holocophali,  L 12 

X.  Plagiostumi,  L 12 

XI.  Protopteri,  L lA 

XII.  Ganocephala,  L LA 

XIII.  Labyrinthodontia,  L lA 

XIV.  Batruchia,  L lA 

XV.  Ichthyopterygia,  L 2^ 

XVI.  Sanropterygia,  L lil 

XVII.  Anomudontia,  L Ifl 
XVIII.  Chelonia,  L 1ft 

XIX.  Lacertilia,  L LI 

XX.  Ophidia,  L.  11 

XXI.  Croeoflili^  L U 

XXII.  Dinosauria,  L 18 
XXIII.  Pterosauria,  L Ift 
oaseous  system,  L 1ft 

classes  of  bone,  L 2ft 
composition  of  bone,  L Ift 

proportions  of  hard  and  soft 
matter,  L 1ft 

chemical  composition,  L 2ft 
dermoskeleton,  L Iftft 
derelopmcnt,  L 21 
growth,  u 23 
pfvtoral  limb,  L Lftft 
pelvic  arch  and  limb,  L 179 
scapular  arch  and  appendages,  L 
IftJ 

skull,  L 71 
vertcbne,  L 3Q 

peculiar  and  ductless  glands  and  re- 
producible parts,  L 
respiratory  system,  L 163 
sulxlasses,  L 1 

L Dermopteri,  L I 

II.  Teleostomi,  L 7 

III.  Plogiustomi,  L ft 

IV.  Dipnoi,  L ft 

V.  Monopnoa,  L ft 

tc^mentary  system,  L ^1*^ 
urinary  system.  L 533 
Hiematopus,  pelric  limbs  of,  ii.  82 
IlicniAtothcrma,  characters  of,  L 1 ; ii.  1-4 
tbennogenous  organic  conditions,  ii.  1 
their  results,  ii.  2 
characters  and  orders  of  the  class 
Arcs,  ii.  4 

Hair  of  Mammals,  iii.  filfi 
Unladroma,  pelvic  limbs  of,  ii.  82 

3 l2 


II  EL 

Haliactus,  bones  of,  ii.  21 
alimentary  canal,  ii.  1 71 
Halic.horus  grisens,  vertebral  c<dumn  of,  ii. 

Halicore,  characters  of,  ii.  281.  29G 
alimentai^  canal,  iii.  455,  457 
arU‘rie«,  iii.  547 
heart,  iii.  621 
larynx,  iii.  689 
lungs,  iii.  »579 
muscle.s,  iii.  2 

oigans  of  generation,  male,  iii.  fifiO 
female,  iii,  692 
organ  of  sight,  iii.  260 
organ  of  smell,  iii.  2IQ 
organ  of  taste,  iii.  104 
pancreas,  iii.  496 
skeleton,  L 361.  363.  36.6 

vertebral  column,  ii.  429,  430 
skull,  ii.  433-436 
spleen,  iii.  4ftl 
teeth,  iii,  2S3 

I urinary  system,  iii.  607 
Halcyon,  eggs  of,  ii.  2.56 
j Halieutiea,  gills  of,  L 478 
organ  of  touch,  L 326 
Halmatums  Bennettii,  female  organs  of 
generation  of,  iii.  683 
limb-bones,  ii.  348 
skull,  ii.  844 

llamsU  rs,  alimentary  canal  of,  iii.  421 
Hand  of  Man,  ii.  413 

Hupale  jacchus,  alimentary  canal  of,  iii. 

432 

development,  iii.  745.  746 
larynx,  iii.  598 

osseous  system,  ii.  515«  520.  530, 
542 

prosencephalon,  iii.  129 
teeth,  iii.  315 

Hapalotis,  teeth  of,  iii.  365,  382 
Haplodactylus,  teeth  of,  L 324 
Hare.  Lepus 

Ilarpactes,  dor^  vertebr®  and  sternum  of, 
ii.  2fl 

Harpela,  bones  of,  ii.  17,  3ft 
Hatteria.  See  Rhynehucophalus. 

Hedgehog,  alimentary  canal  of,  iii.  421 
bones,  ii.  385 
moscles,  iii  18 
organs  of  generation,  iii.  656 
organ  of  hearing,  iii.  229 
spines,  iii.  621 
teeth,  hi.  301 

Helamys  capensis,  glands  opening  upon  the 
head,  in.  634 

and  upon  the  trunk,  iii.  636 
heart,  iii.  520 
limb-bones,  ii.  382,  383 
liver,  iii.  485 
lungs,  iii.  677 
skull,  ii.  376 
vertebral  column,  ii.  365 
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Heliastes  insolatus,  air-bladder  of,  L 
Helostomus,  teeth  of.  L 373 
Hemipodius,  sacral  rortebrse  of,  ii.  32 
Heptanchus,  heart  of,  474 
vertebral  columu,  ^ 37 
Herpcstca  Ichneumon,  mammary*  glands  of, 
iii.  780 
skull,  ii.  503 

Hcrpestes  mungo,  skull  of,  ii.  5Q3 
Herpestes  pencillnta,  limb*boDcs  of,  ii.  510 
Herpoton  tentaculatum,  oigan  of  taste  of, 
i.  327 

tegument,  L 555 
Heterobranchus,  gills  of,  L 487 
skull,  L 108 

Heterodon  nigcr,  alimentary  canal  of,  L 
446 

Helcropygii,  characters  of,  L 10 
Hexunthus,  heart  of,  L 474 
Hexaprotodon,  teeth  of,  iii.  347 
Hierax,  osseous  system  of,  ii.  '27 
Hippocampidie,  chaniclerH  of,  L 12 
Hippocampus,  marsupium  of,  L 614 
Hippc^lossus  rulgaris,  nerves  of,  L 297* 

«299 

skull,  L no,  112,  115 
vertebral  column,  L 42 
Hippohyus,  teeth  of,  iii.  343 
Hipparion,  characters  of,  L xxxii ; ii.  2Bi; 
iii.  791 

limb-bones,  ii.  3Q9 
teeth,  iii.  340,  342 

Hippopotamus,  characters  of,  ii.  283,  286 
alimentary  canal,  iii.  466 
bones,  ii.  457,  465 
lungs,  iii.  581 
organ  of  hearing,  iii.  232 
organ  of  smell,  iii.  213 
prosencephalon,  iii.  122 
skull,  ii.  4^  120 

teeth,  iii.  ^ 343,  am 
Hirundo,  characters  of,  ii.  lH 
eggs,  ii.  257 
muscular  system,  ii.  ft! 
nistiophorus,  skull  of,  L Hi 
Histiurus  (syn.  Ivophur.i),  dennoskeleton 
of.  L 128 
teeth,  L 402 
teguments,  L 556 
vertebral  column,  L 60 
Histology.  L viii. 

Holconoti,  development  of,  L 014 
Hog.  Ser  Sub 

Holocentrum  hnstatnm,  liver  of,  L 425 
Holocentrum  orientate,  liver  of,  u 42.> 
Holocentrum  »Sogho,  alimentary  canal  of, 

Lm. 

liver,  L 426 

Holocephali,  chamcter?i  of,  L 12 
vertebral  column,  L 35.  41 
Holoptychidfe.  characters  of,  L 12 
Holoptychius,  teeth  of,  l 378 
Uomalopsis,  teeth  of,  L 395 


BOM 

Homo,  characters  of,  L xii,  xri.  xtxt. 
xxxviii,  i ; ii.  27^  274.  291. 

293,  29S 

absorbent  system,  iii.  507 
alimentary  canal,  iii.  383,  434 
mouth,  iii.  396 

salivarv  svstem,  iii.  405—409 
stomacli,  iii.  434 

arteries,  iii.  4?6 
intestinal  canal,  iii.  437 
colon,  iii.  44Q 
duodenum,  iii.  411 
I ctecum,  iii.  441 

rectum,  iii.  442 
pelvis,  iii.  il2 
circulating  system,  iii.  513 
blood,  L 4 ; iii.  514 
heart.,  iii.  525,  530-532.  534. 
pericardium,  iii.  52.5 
auricles,  iii.  525—527 
ventricles,  iii.  526,  .527 
endocardinra.  iii.  528 
, muscles  of,  iii.  528 

I arteries,  iii.  534.  548 

veins,  iii.  550.  5.56 
spleen,  iii.  5.57,  562 
t thyroid,  iii.  566 

thymus,  iii.  56S 
adjvniils,  iii.  569.  570 
generative  system,  iii.  673 
male.  iii.  6 12.  673,  674 
I female,  iii.  704-708 

ovaria,  iii.  704 

I oviduct,  iii.  704 

i uterus,  iii.  704 

j external  jiurts,  iii.  7t>8 

generative  producU  and  deTelnpcaeui. 

I iii.  7^ 

j ovulation,  iii.  709 

• ovipODt,  iii.  Ill 

\ corpus  iuteum,  iii.  712 

I impregnation,  iii.  713 

development,  iii.  747.  ft 
liver,  iii.  4^  4^  4^  491 
locomotion,  iii.  g5 
lymphatics,  tii.  5o7,  509-51 1 
mammary  glands,  iii.  780 
muscles,  iii.  ^ ^ ^ fii 

nerves,  iii.  148.  149.  154,  157-15^. 

161,  160.  167,  178,  181.  184 
nervous  system,  iii  75 

myelon,  iii.  7^  7^  7L.  Z8 
encephalon,  iii.  79 
macromyelon.  iii.  ^ ^ 83,  8S 
ccreWUum,  iii.  ^ 92-97 
prosencephalon,  iii.  124,  I27-H8. 

138-141,  112 

I cerebrum,  iii.  134 

I site  of  brain,  iii.  1 14-146 

membranes  of  the  brain,  iii.  ]45 
nerves,  iii.  LM 
ganglia,  iii.  184 
organ  of  touch,  iii. 
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HOM 

Homo:  — 

or^ii  of  taste,  iii.  190.  199-203 
smell,  iii.  206.  217 
hearing,  iii.  219.  225.  237- 

2ot 

bones  of  e-ar,  iii.  219,  237 
muwloH,  iii.  240,  24.i 
sight,  iii.  216,  252 
eyeball,  iii.  246 
sppeD<1ages  of  the  eve, 
lii.  256 

porallel  between  the  eye 
and  the  ear,  iii.  261 
osseous  system,  ii.  294.  553 
skeleton,  ii.  553 

A.  vertebral  column,  ii.  553 

cen'ieal,  ii.  5o4,  557 
dorsal,  ii.  554 
lumbar,  ii.  554 
sacral,  ii.  556 

B.  skull,  ii.  558 

form,  ii.  558 
bones  of,  ii.  559 
ethnic  variety,  ii.  563 

C.  bones  of  the  limbs,  ii.  572 

clavicle,  ii.  672 
st'npula,  ii.  572 
humerus,  ii.  673 
radius,  ii.  573 
ulna.  ii.  673 
hand,  ii.  573 
ilium,  ii.  574 
ischium,  ii.  574 
pelvis,  ii.  575 
foot,  ii.  576 
femur,  ii.  577 
tibia,  ii.  577 
patella,  ii.  581 

relations  to  archetype,  ii.  581 
pancreas,  iii.  497 

peritoneum  and  appendages,  iii.  500, 
501 

respiratory  s^*stein,  iii.  672 
lungs,  ill.  573.  582 
larynx,  iii.  ^ ^ 601^  632 
teeth,  iii.  2^  ^ 362,  376 
tegumentary  system,  iii.  613 
derm,  iii.  613 
epiderm,  iii.  614.  616 
hair,  iii.  619,  621 
nails,  iii.  623 
urinary  system,  iii.  608 
Homology,  L vii,  xii,  xviii,  213  ; ii.  310 ; I 

iii.  TM.  I 

llomopus,  pectoral  limb  of,  L 173  , 

Hoofs  of  Slammalia,  iii.  623.  624 
Hoplurus,  tenroents  of,  L 656  I 

Hurso.  ^uus  caljallua  | 

Horse,  alimentary  canal,  iii.  4^  I 

brain,  iii.  8^  120,  121 
gestation,  iii.  735  ' 

locomotion,  iii. 

mouth,  iii.  391  ' 


HYL 

Horse — r&nliHU^d. 
muscles,  iii.  21 
oi^ns  of  generation,  iii.  664 
organ  of  hearing,  iii.  233 
organ  of  sight,  iii.  251 
organ  of  smell,  iii.  212 
osseous  system  of,  ii.  447 
salivary  glands,  iii.  403 
teeth,  iii.  353 

Hottentot,  skoil  of  the,  ii.  564 
Human  anatomy  (^».  Antbropotomy),  L 
viii 

Hy»na  crocuta,  teeth  of,  iii.  329 
vertebral  column,  ii.  422 
Hymna  vulgaris,  anal  glands  of,  iii.  637 
development,  iii.  744 
limb'bones,  ii.  510 
mammary  glands,  iii.  780 
nen'os,  iii.  177 
skull,  ii.  5114 
teeth,  iii.  ^ 332 
tongue,  iii.  198 
urinary  organs,  iii.  605 
vertebral  column,  ii.  422 
Hvfenodon,  teeth  of,  iii.  339,  340,  372. 375. 
190 

Ilvbodontidjc,  characters  of,  L 13 
I Ilybodus,  teeth  of,  L 378 

Hydraspis,  pelvic  arch  and  limb  of,  L 186 
Hydrocoerus,  limb-bones  of,  ii.  380 
mammary  glands,  iii.  775 
mouth,  iii.  367 

organs  of  generation,  male.  iii.  686 
skull,  ii.  369,  321 
teeth,  iii.  296,  298 
Hydrocyon,  skull  of,  L 116 
Hydromys,  liml>*bones  of,  ii.  382 
teeth,  iii.  266,  300 
vertebral  column,  ii.  365.  366 
Hydropliidw,  tegument  of,  L 554 
Uydrophis,  alimentary  canal  of,  L 444 
tec-th,  L 397 
poison-gland,  L 563 

Hydrosorex  fodiens,  alimentary  canal,  iii. 

122 

organ  of  hearing,  iii.  229 
teeth,  iii.  306 

Hydrosorex  Hermanni,  teeth  of,  iii.  306.366 
Hyla,  alimentary  canal  of,  L 434,  436 
locomotion,  L 262 
organ  of  taste,  L 327 
Hyla  verrucosa,  L 627.  528 
teguments,  L 558 

Hylreosaunts,  dermoskeleton  of,  L 199 

llylidie,  characters  of,  L 15 

Hylobates  agilis,  alimentary  canal  of,  iii. 

433 

development,  iii.  746 
larynx,  iii.  600 
locomotion,  iii.  21 
Inngs,  iii.  582 
muscles,  iii.  53 
prosencephalon,  iii.  124 


Digitized  by  Google 


88C 


GENERAL  INDEX 


HYL 

Hylobatefl  leocisciu,  os»eoa9  system  of,  ii. 

.V2(i, 

UylobatM  eyndactylun,  charactow  of,  ii. 

m 

oweous  t(yst«tn,  lii.  520,  533,  652 
Ilylomna,  togumt-nts  of,  L 552 
Hyopotamuit,  ti'elh  of,  iii.  343.  875 
Hypt^rancxlon,  teeth  of,  L 403 
llyporuodoD,  alimentary  canal  of,  iii.  453. 
4M 

female  organs  of  generation,  iii.  691 
heart,  iii.  52i 
limb-bones,  ii.  429 
ITypoRtoma,  air-bladder  of,  L 493 
Hypeiprymnns,  characters  of,  ii.  275 
limb-bone«,  ii.  351,  354-361 
mammary  glands,  iii.  769 
organs  of  generation,  male,  iii.  648 
proeonecphalon,  iii.  105 
ekull,  ii.  3^1  339-345.  847,  349,  350 
teeth,  iii.  290,  2^ 
vertebral  column,  iii.  329,  831,  333 
H}'peipr3'mnu8  (Ib?ndroUgus>  dorcocepha- 
lus,  alimentary  canal  of,  iii.  415,  419 
limb-l)oues,  ii.  363 
teeth,  iii.  29(J 

Ilj'psiprymnus  murinus,  female  oi^gans  of 
generation  of,  iii.  681 
tet‘th,  iii.  290 
skull,  ii.  345 

Hypsiprymnus  myosums,  skull  of,  iii.  338, 

342 

Hypsiprymnus  si'tosus,  alimentary  canal  of, 
ii.  420 

skull,  ii.  3t5 

Hypsiprymnus  (Dendrolagus)  ursinus, 
limb-bones  of,  ii.  360.  363 
orgun  of  taste,  iii.  121 
skull,  ii.  aaS.  ^ 345 
teeth,  iii.  29(t 
vertebml  column,  ii.  332 
Hyracotherium,  geological  remains  of,  iti. 
792 

teeth,  iii.  375 

n^Tax  capensis,  characters  of,  ii.  284.  285 
alimentary  canal,  iii.  461,  463 
limb-bones,  ii.  455 
organ  of  hearing,  iii.  233 
organs  of  generation,  male,  iii.  664 
prosenceplialon,  iii.  114. 120, 121,  123, 
133,  143 

teeth,  iii.  356 

thymus,  iii.  567 
thyroid  gland,  iii.  565 
skull,  ii.  450 
urinary  system,  iii.  606 
vertebral  column,  ii.  446 
Hystricidjc,  vertobml  column  of,  ii.  364 
Hystrix  alopha,  vertobnil  column  of,  ii. 

364 

Hystrix  cristata,  characters  of,  ii.  269 
liver,  iii.  485 
mammary  glands,  iii.  776 


JN3 

Hystrix  cristata^cion/iinir^^. 
nerves,  iiL  151 

organs  of  generation,  male,  ui 
organ  of  taste,  iii.  1 9^ 
prosencephalon,  iiL  1 10 
scales,  ill.  622 
skuU,  ii.  ^ ^ 
vertebral  colamo,  ii.  264 


] TCHTHYOMORPHA  (rrt>deU\  cia 
I 1.  ters  of,  L lA 
I muscles.  L 215 

t skull,  L 39 

' Ichthyopteiy^ia,  characters  cd,  L sss~ 

la 

, pectoral  limb,  L 170 

skull,  L 158 
teeth,  L 388 

vertebral  column,  L 5Q. 

I Ichthyosaurus,  characters*  of,  L 16 
organ  of  sight,  L 339 
organ  of  smell,  L 330 
i pectoral  limb,  L 170.  171 

pelvic  arch  and  limb,  L 161 
skull.  L 158 

‘ teeth,  L 364  ; iii.  281 
; Ichthyosaurus  communis,  vertt4^  cohr 
of,  L 56 

I Ichthyosaurus  tenuirostris,  skull  i.  «• 

' Ictides.  See  Arctictis 
Iguana,  skull  of,  L 157 
' sternum,  U.  21 

vertebral  column.  L 52 

' Iguana  tuberculata,  organ  of  taste  cd  • 
i 322 

I skull,  L 158.  159 

! teeth,  L 403 

I teguments,  L 556 

I vertebral  column.  L 66 

' Ignanidie,  tooth  of,  L 40‘J 
] Iguanodon,  characters  of,  L xxrviii,  IS 
teeth,  L 387,  463 

■ Implacentalia,  characters  of,  ii.  270 
development,  iii.  715-722 
Impregnation  in  Mammalia,  iiL  211 
Incubation  of  Aves,  ii.  256 
exception  to.  ii.  256 
porters  of,  ii.  257 
Indri,  bones  of,  ii.  515.  ei  sea. 
i lupluvies,  or  crop,  of  Aves,  ii.  158 
' Inia,  teeth  of,  iii.  282 
. lusoctivora,  alimentary  canal  of,  iii.  *21 
I characters  of,  ii.  277 

I development,  iiL  730 

heart,  lii  520 
liver,  iii.  483 
muscles,  iii.  12 
organs  of  generation,  iii.  555 
male,  iii.  655 
female,  iii.  687 
organ  of  hearing,  iii.  223 
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LAQ 


InsectiTora— 

organ  of  sight,  iii.  246 
organ  of  smell,  iii.  209 
osseous  system,  ii.  385 
skeleton,  ii.  385 

A.  vertebrate  column,  ii.  385 

cervical,  ii.  385 
dorsal,  ii.  385 
lumbar,  ii.  385-387 
sacral,  ii.  385-387 
camlal,  ii.  385-387 

B.  skull,  ii.  387 

C.  bones  of  the  limbs,  ii.  390 

clavicles,  ii.  390 
scapula,  ii.  390-392 
humerus,  ii.  390-392 
radius,  ii.  390-392 
ulna,  ii.  390 
fibula,  ii.  390 
tibia,  ii.  390 
carpals,  ii.  390 
pancreas,  iii.  494 
salivary  glands,  iii.  399 
spleen,  iii.  562 
teeth,  Hi.  301 
thymus,  iii.  568 
tongue,  iii.  192 

Irrelative  repetition,  i.  ix,  x,  xxxvi;  iii.  789 
Ivory,  iii.  3^ 

JAGUAR,  nerves  of,  iii.  1 75 

JerlKA,  bones  of,  ii.  364,  370,  382 
locomotion,  Hi.  68 

JohniuB  lobatus,  alimentary  canal  of,  L 418 
arteries,  L 490 

Julis,  alimentary  canal  of,  L 41Q 


KALOPHRYNUS,  teguments  of,  L 552 
Kangaroo,  development,  iu.  718 
locomotion,  iii.  88 
muscles,  iii.  H 
organs  of  generation,  iii.  647 
osseous  system,  ii.  329 
skeleton  of,  ii.  329 
stomach,  iii.  413 

rumination,  iii.  415 
teeth,  Hi.  291 


LABEOBARBUS,  alimentary  canal  of,  L 

m 

Labraz  lupus,  liver  of,  L 128 
Lsbrus,  alimentary  canal  of,  L 410,  121 
changes  accompanying  growth.  L 612 
teeth,  L 36^  370-372.  375.  377 
Labnis  tordus,  liver  of,  L 426 
LabjriDthibruDchii,  L 487 
Labjrinthudoo  leptognathus,  teeth,  L 392, 

m 

labjrinthodon  salamandioides,  dental  tis* 
sues  of,  L 363,  366 


Labyrinthodontia,  characters  of,  L xxxviU, 
ii 

Lacerta,  alimentary  canal  of,  L 13.3 
development,  L 633 
male  organs  of  generation,  L 579 
myeleucephalon,  L 292 
pectoral  limb,  L 121 
teeth,  L 401 
vertebral  column,  L 58 

Lacerta  agilis,  la^nx  of,  L 529 
I oriposition,  L 617 

ovulation,  L 592 
' teeth,  L 401 

Lacerta  bilineata,  female  oi^ans  of  genera* 
tion  of,  L 586 

Lacerta  muricata,  adrenals  of,  L 544 
' reproducible  parts,  L 567 

1 teguments,  L 5.5.5 

' thyroid  body,  L 565 

I Lacerta  ocellata,  adrenals  of,  L 544 
I alimentary  canal,  L 440 

heart,  L 6*08 

male  organs  of  generation,  L 580 

Lacortidae,  skull  of,  H 1^ 

1 teeth,  L 401 

I vertebral  column,  L 58 

I Lscertilia,  arteries,  L 519 
absorbents,  L Ml 
characters  of,  L 12 
focundatiun,  L 615 
oriposition,  L 612 
development,  L 633 
generative  organs,  L 580 
male,  L 580 
female,  L 683 
heart,  L 509 
kidneys,  L 540 
larynx,  L 528 
liver,  L 148 
locomotion,  L 262 
lungs,  L 525 

respiratory  actions,  L 531 
osseous  system — 

vertebral  column,  L 62 
skull,  1.  151 

reproduction  of  parts,  L 567 
teeth,  L 387,  392.  401 
teguments,  L 555 
scales,  L 555 

thyroid  body  or  gland,  L 565 
veins,  L 504 

Lactarius  delicatulns,  air*bladder  of,  L 492 

Logomys  alpinus,  limb*bones  of,  ii.  385 
organs  of  generation,  male,  iii.  650 
skull,  ii.  377 
teeth,  iii.  296,  299 

Lagostoraus,  mammary  glands  of,  iii.  775 
organs  of  generation,  female,  Hi  686, 
687 

spleen,  iii.  560 
teeth,  iii.  229 

Lagotis,  organ  of  bearing  of,  iii.  238 
! vertebral  column,  ii.  365 
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Lamellirostrat«T  Anatida),  characters 
of,  ii.  ^ 

air-passage«,  ii.  21S 
alimentary  canal,  ii.  164.  172 
locomotion,  ii.  112 
royelencephalon,  ii.  123 
skull,  ii.  (il 
etcrnum,  ii.  2^ 
tongue,  ii.  151.  153 
Lamna,  alimentary  canal  of,  L 423 
arteries,  h 490 
heart,  L 474 
muscles,  L 204 
teeth,  i.  364,  372.  377.  3S2 
vertebral  column,  L 33 
I^mna  comubica,  teeth  of,  L 3116 
vertebral  column,  L 33 
Lamnidse,  characters  of,  L 13 
LampIugUH.  Se^  Coryphtena 
I*amprcy,  cerebellum  of,  L 2S7 
Lampris,  pectoral  limb  of,  L 166 
Lancclet,  nervous  system  of,  L.  268-270 
Lanius,  beak  of,  ii.  1 46 
osseous  system,  ii.  26 

dorsal  vertebire  and  sternum,  ii.  26 
skull,  ii. 

I^plander,  skull  of,  ii.  566 
Lanis,  characters  of,  ii.  6 
eggs,  ii.  2.5.5 
royelenccphaloD,  ii.  119 
Lates  niloticus,  liver  of,  L 426 
lAtes  nobilis,  liver  of,  L 427 
Lathanius,  skull  of,  ii.  58 
Latissimus  dorsi  muscle  in  Aves,  ii.  63 
Leiodon,  teeth  of.  L 387 
Lemmus,  liver  of,  iii.  485 
Lemur,  species,  as  compared  with  tlmt  of 
Cheiromys,  h xxxv 
Lemur  albifrons,  brain  of,  iii.  61 
development,  iii.  745 
organ  of  smell,  iii.  216 
ot^ns  of  generation,  male,  iii.  672 
female,  iii.  702 
Lemur  Catta,  brain  of,  iii.  124,  125,  130 
mammary  glands,  iii.  780 
muscles,  iii.  56 
organ  of  hearing,  iii.  235 
vertebral  column,  ii.  512 
Lemur  macaco,  bmin  of,  iii.  146 
lungs,  iii.  582 
skull,  ii.  .529 

Lemur  mongoz,  Iar}'nx  of,  iii.  591 
lungs,  iii.  582 
mouth,  iii.  395 
spleen,  iii.  562 
tongue,  iii.  168 

Lemur  niger,  ca?cum  of,  iii.  432 
tongue,  iii.  199 

Lemur  nigrifrons,  anal  glands  of,  iii.  637 
hair,  iii.  619 

rertobml  column,  li.  513 
Lemuridip,  brain,  iii.  124 
characters  of,  ii.  290 


LEP 

I/emuridae — continued. 

alimentanr'  canal,  iii.  430 
heart,  iii.  525 
laiynx,  iii.  597 
mammaiy*  glands,  iii.  7 SO 
mouth,  iii.  395 

organs  of  generation,  mal#*,  iii.  672 
female,  iii.  7*  I 
organ  of  hearing,  iii.  235 
organ  of  smell,  iii.  216 
org>in  of  taste,  iii.  198 
ossiMDUs  system,  ii.  512 
prosencephalon,  iii.  124 
teeth,  iiL  314 

liepadc^ster,  gills  of,  L 484 
Lepidogauoidei,  charact*-rs  of,  L JUl 
existing  and  extinct.  L 247 
Lepidoidei,  characters  of,  L 12 
L*epidopus  argenteus,  liver  of,  L 426 
pelvic  arch  and  Umb,  L 186 
Lepidopus,  characters  of,  L xxxTnii 
Lepidosiren  annectens,  circulating  a>i  re- 
spiratory organs  of,  L 475.  498 
Lc-pidosiren  paradoxa,  characters  of.  L 5 
air  bladder,  L 494.  499 
alimentary  canal,  L 415,  417 
gills,  L lii 
liver,  L 448,  451 
locomotion.  L 249 
mvclencephaloD,  L 277^230, 

‘290 

nerves,  L 298 
pectoral  limb,  L 165 
pyloric  appendage  and  pancreas, 
skull,  i.  82,  83,  H>7 
scapular  arch,  L 163 
teeth,  L ^ 31^  383,  385 
vertebral  column.  L 3L  38 
Lepidosteus.  air*bladder  of,  L 499 
dt*rmoskelcU)n,  L 195 
development  of  vertebra?,  L 33 
gills,  i*  485 
locomotion,  L 247 
myelencephaloD,  L 275 
skull,  L 108 
te»‘th,  L 378 
teguments.  L 548.  549 
Lepidosteus  oxyuru.s,  t<*cih  of,  L 378 
Lepidosteus  platyrhinns,  organ  oi  bearc^ 
of,  i.  348 

I>>pido8temon,  skull  of,  L 163 
Ixjpidotus,  locomotion  of  247 
Leporidte,  alimentary  canal  of,  id.  426 
adrenals,  iii.  573 
mammaiy  glands,  iii.  776 
organs  of  generation,  male,  iii.  649 

female,  ui.  6$6. 

687 

organ  of  hearing,  iii.  231 
organ  of  sight,  iii.  2l8 
organ  of  tai^te,  iii.  1^2 
pnH'enccphalon,  iii.  L16 
skull,  ii.  378 
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LEP 

Leporids— ufd» 

Bplecn,  iii.  500 
teeth,  iii.  290 
veins,  iii.  553 
vertebral  column,  ii.  304 
Leptobrachium,  teeth  of,  L 392 
Leptoccphali,  probably  larva  of  some  larger 

flbh,  L on 

Leptolepidie,  characters  of,  L 12 
dermoskeb  ton,  L 
Leptolepis,  characters  of,  L 12 
Lopus,  alimentary  canal  of,  iii.  423 
locomotion,  lii.  69 
organs  of  generation,  iii.  049 
skeleton,  ii.  364 
teeth,  iii.  3QQ 

Lepus  cuniculus,  alimentary  canal  of,  iii. 

423 

development,  iii.  711.  712,  714.  715. 

724.  727 
fat,  iii.  7M 
larynx,  iii.  685 
skull,  ii.  378 
teeth,  iii.  299.  Illil 

Lepus  palustris,  mainmar)'  glands  of,  iii. 

m 

Lepus  timidus,  idimentary  canal  of,  iii.  423, 
Aifi 

anal  glands,  iii.  030 
devebpment,  iii.  22Z 
fat,  iii.  784 
limb-l)ones,  ii.  379 
mesencephalon,  iii.  98 
org>ins  of  generation,  male,  iii.  649 
female,  iii.  086 
organ  of  smell,  iii.  2U8 
prosencephalon,  iii.  113 
skull,  ii.  309 
teeth,  iii.  29^  300 
vertebral  column,  ii.  364,  367 
Lostris,  eggs  of,  ii.  255 
Ix‘thrinu8  allanticus,  air-bladder  of,  L 
Lcuciscus  cyprinus,  myelencephalon  of,  L 

275. 

ncTvvH,  L 30J 

Lialis,  teguments  of,  L 557 
Lichnnolus  indri,  cranium  of,  iii.  528 
l<fth,  iii.  314 

vertebral  column,  ii.  512.  515 
Lichia,  characters  of,  L xxxiii. 

Liemetes,  skull  of,  ii.  58 

LimosH,  dorsal  vertebne  and  sternum  of,  ii. 

^ 28 

Lioness,  generation  of  the,  iii.  744 
Lissenccphala,  characters  of,  ii.  270,  270, 

296 

Oilrenals,  iii.  569 
development,  in.  723 
heart,  iii.  519 
mesencephalon,  iii.  ^ 88 
muscle:*,  iii.  16 
myelon,  iii.  74 
nerves,  iii.  147,  152 


LUT 

liflsencephjila— coa/inuetf. 
organ  of  hearing,  iii.  229 
organs  of  generation,  male,  iii.  0 41 
prosencephalon,  iii.  108,  111,  1 12.  1 13. 

125,  134,  Ul 
spleen,  iii.  500 
urinary  organs,  iii.  004 
Lissotfiton  punctatus,  ovi(K>sition  in,  L 010 
ovulation,  L 597 
Lizarls.  Locertilia 
Llama,  bones  of,  ii.  400.  470 
XiOcomotioD,  Aves,  ii,  112 
Fishes,  L 243 
Mammalia,  iii.  63 
Heptiles,  L 259.  262 
Lonchercs,  mammarj’  glands  of,  iii.  77$ 
Longipennatse.  characters  ii.  8 # 

development  and  peculiarities  of  the 
chick,  ii.  265 

scapular  arch  and  limbs,  ii.  72 
Lophiidte,  characters  of,  Lil 
Lophiodon,  characters  of,  ii.  284  " 
teeth,  iii.  377 

Lophius  piscatorius,  air-bladder  of,  L 493 
alimentary  canal,  L 421 
dermoskeleton,  L 196 
female  organs  of  generation,  L 572 
gills,  L 47^  481 
growth,  L 612 
heart,  L 472 
kidneys,  i.  630 
muscles,  L 209 
pectoral  limbs,  L 160 
pelvic  arch  and  limb,  L 189 
reproducible  parts,  i.  567 
skull.  L 119,  124 
teeth.  L 374,  ^ 31^  ^ 383 
vertebral  column,  L 38 
Ix)phobranchii,  characters  of,  L 12 
skull,  L 149 

Lophophorus,  dorsal  vertebrae  and  sternum 
of.  ii.  27 

Lophortvx,  dorsal  vertebrae  and  sternum  of, 
ii.  21 

Lophyrus  Basilicus,  teeth  of,  L 402 
teguments,  u 656 
Lorcaria,  air-bladder  of,  L 493 

vertebral  column,  L38i  ih  12 
Loris.  See  Steuops  tardigradus 
Lota,  nerves  of,  L 297 
Loxia,  skull  of,  ii.  57 
beak,  ii.  146 
tongue,  ii.  151 

Luaop*-rca  sandra,  alimentary  canal  of,  L 
116 

myelcneephalon,  L 283 
nerves,  L 297.  305 

Lutm  vulgaris,  mammary  glands  of,  iii.  780 
organ  of  hearing,  iii.  234,  235 
skull,  ii.  506,  509 
teeth,  iii.  333 
thymus  gland,  iii.  563 
vertebral  column,  ii.  491 
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Lyencpphala,  brain  of,  iii.  102,  141 
development,  iii. 
genuratire  organs,  iii.  645 
heart,  iii.  516 


MACACUS,  characters  of,  L xxxii 

Hacacus  cymnologus,  male  organs  of 
generation  of,  iii.  613 

Macacus  innuus,  osseous  system  of,  ii.  517, 

532 

Macacus  nemestrinus,  osseous  system  of, 
iii.  51^  ^ 543 

Macacus  radiatus,  characters  of,  ii.  273 
alimentary  canal,  iii.  432 
muscular  system,  iii.  53 
proHcncephalon,  iii.  124,  126 
vertebral  column,  iii  517 
Macacus  rhesus,  development  of,  iii.  746 
prosencephalon,  iii.  131 
vertebral  column,  ii.  517 
Macacus  silenus,  female  organs  of  gene* 
ration  of,  iii.  763 

Machairodus,  teeth  of,  iii.  329,  339,  370, 374 
Maohetos,  external  sexual  characters  of,  ii. 
258 

Mackerel,  myocomma  of  the,  L 3 
Macrauchenia,  limb-bones  of,  ii.  454. 
skull,  ii.  451 

vertebral  column,  ii.  446,  448 
Macrocercus,  skull  of,  ii.  2^  63 
Macropoma,  alimentary  canal  of,  L 424 
Macropus,  limb-bones  of,  ii.  353-355,  363 
oi^n  of  hearing  iii.  221 
prosencephalon,  iii.  Ill 
skull,  ii.  335-345.  356 
teeth,  iii.  206,  291 
vertebral  column,  ii.  326 
Macropus  Brunii,  development  of,  iii.  721 
skuU,  ii.  345 

Macropus  major,  characters  of,  ii.  266 

alimentary  canal,  iii.  411,  413,  414, 
420,  446 

development,  iii.  752 
limb-bones,  ii.  364,  359 
lungs,  iii.  576 

mamraarv'  glands,  iii.  770,  772 
organs  of  generation,  female,  iii.  681, 
683 

prosencephalon,  iii.  105 
skull,  ii.  345.  349 
spleen,  iii.  560 
teeth,  iii.  261 

Macropus  Parryi, alimentary  canal  of,  iii. 416 
development,  iii.  718 
lungs,  iii.  576 

organs  of  generation,  female,  iii.  680 
urinary  system,  iii.  606 
Macropus  penciUatus,  alimentary  canal  of, 
iii.  415 

Macropus  psilopns,  teeth  of,  iii.  261 
Macropus  rudventer,  mouth  of,  iii.  385 
tooth,  iii.  291,  379 


HAM 

Macroscclides,  alimentary  canal  of,  iii.  42^ 
caudal  scent-gland,  iii.  637 
teeth,  iii.  307 
vertebral  column,  ii.  385 
Mocusi  Indian,  skull  of,  ii.  566 
Mfcna,  skull  of,  L 1 19 
Msnidse,  skull  of,  L 1 19 
Malacopteri,  characters  of,  L 6 
Malapterurus  beninensis,  electric  organs 
L 356 

Malpaterurus  electricus,  air-bladders  i. 
496 

electric  organs,  L 350.  355 
Mallotus,  fecundation  of,  L 600 
Maltbsea,  gills  of,  L 489 
organ  of  touch,  L 326 
pyloric  appendage  and  pancre-as,  l 
430 

Mammalia,  absorbent  system,  iii.  504 
lacteals,  iiL  504 
lymphatics,  iii.  507 

disposition,  iii.  508 
ganglions,  iii.  508 
modiheations,  iii.  51 1 
adipose  substances,  iii.  784 
adrenals,  iiL  570 
alimentary  canal,  iit  383 
mouth,  iii.  383 
salivary  glands,  iii.  396 
stomach,  iii.  411 
intestinal  canal,  iiL  417 
characters  and  primary  groups  of  the 
class,  ii.  266 

character  of  Mammalian  sub-cUsa«a. 
ii.  270 

stages  of  complexity  of  the  bnis, 
ii.  270 

characters  of  the  Orders  of  Mam- 
malia, iL  274 
Monotremata  ii.  275 
Marsupialia,  ii.  275 
Rodentia,  ii.  276 
Insectivora.  ii.  277 
Cheiroptera,  ii.  278 
Bruta,  ii.  278 
Cetacea,  ii.  280 
Sirenio,  ii.  281 
Probosoidia,  ii.  282 
Peri.Modactyla.  ii.  283 
ArtiodactyU,  ii.  283 
Carnivora,  ii.  288 
Quadrumana,  iL  290 
Bimana,  ii.  292 

table  of  the  suliclassce  and  orders: 
according  to  Cuvier,  ii.  295 
according  to  the  cerebral  sys- 
tem, ii.  296 

circulating  system,  iii.  613 
blood,  iii.  513 

blood-discs,  iii.  513 
heart,  iiL  516 
arteries,  iii.  532 

structure,  iii.  533 
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MAH 

Mammalia ~drcu]atinf  system — continued, 
aorta,  iii.  <534 
carotids,  iii.  .538 
in  the  abdomen,  iii.  540 
brachial,  iii.  545 
veins,  iii.  549 

structure,  iii.  650 
dental  system,  iii.  265 

general  characters  of  the  teeth, 

homologies  of  teeth,  iii.  366 
generative  system,  iii.  Oil 
male  organs,  iii.  Oil 
female  organs,  iii.  676 
generative  products  and  development, 
iii.  709 

ovulation,  iii.  709 
ovipont,  iii.  711 
corpus  luteum,  iii.  712 
impregnation,  iii.  713 
development  of  Mammalia,  iii. 
715-747 

development  of  Mammalian 
brain,  iii.  ZM 
modidcations  of  fcetal 
formation,  iii.  IM 
development  of  Mammalian 
skeleton,  iii.  753 
membra  papillaris,  iii.  752 
foetal  circulation,  iii.  755 
definition  of  male  and  female 
organs,  iti.  757 
descent  of  testes,  iii.  758 
liver,  iii.  478 
locomotion,  iii.  63 
in  water,  iii.  65 
on  land,  iii.  66 

mammary  luid  marsupial  organs,  iii. 

760-780 

muscular  sy.stem,  iii.  1 
moseiUar  tissue,  iii.  1 
diaphragm,  iii.  1 
nerves,  lii.  146 

olfactory,  iii.  L16 
optic,  iii.  147 

oculo-motor  or  third,  iii.  147 
fourth,  iii.  148 
fifth  or  trigeminal,  148.  151 
ninth,  iii.  161 
development.,  iii.  163 
ganglia,  iii.  167 
sympathetic  system,  iii.  181 
nervous  system,  iii.  73 
myclon,  iii.  lA 
encephalon,  iii.  Z9 
primary  divisions,  iii.  79 
mesencephalon,  iii.  97 
prosencephalon,  iii.  99 
archencephala,  iii.  127 

cereonil  ^Ids  in  the  order  of 
their  constancy  in  Mam- 
mals,  iii.  137 
fixe  of  brain,  iiL  113 


HAH 

Mammalia— nervous  system — continued. 

membranos  of  the  brain,  iii. 

U5 

organs  of  touch,  iii.  136 
taste,  iii.  190 
smell,  iii.  204 
hearing,  iii.  219 
sight,  in.  246 

eyeball,  iii.  246 

of  nocturnal  Mam- 
mals, iii.  247 

osseous  system,  L 26 ; ii.  297 

general  characters  of  the  skeleton, 
ii.  292 

general  characters  of  the  skull, 
ii.  366 

general  characters  of  the  limbs, 

ii.  305 

special  homologies,  ii.  311-553 
synonyms  of  the  bones  of  the 
head,  according  to  their  general 
homologies,  ii.  587 
proportion  of  hard  and  soft  mat- 
ter, L 26 
pancreas,  iii.  492 

function  of,  iii.  499 
peculiar  glands,  iii.  632 

opening  upon  the  head,  iii.  632 
optming  upon  the  trunk,  iii.  634 
opening  on  the  tail,  iii.  637 
opening  on  the  limbs,  iii.  638 
peritoneum  and  appendages,  iii.  50Q 
respiratory  system,  iii.  672 
lungs,  iii.  572 
larynx,  iii.  532 
spleen,  iii.  567 
teeth,  iii.  265 

eneral  characters,  iii.  265 
omologies  of  Us-tb,  iii.  366 
tegnmentary  system  and  appendages, 

iii.  610 

derm,  iii.  6ID 
epiderm,  iii.  613 
callosities,  iii.  616 
hair,  iii.  616 

wool,  iii.  618 
spines,  iii.  621 
scales,  iii.  622 

nails,  claws,  and  hoofs,  iii.  623 
horns,  iii.  624 
thymus,  iii.  566 
thyroid,  iiL  563 
urinary  system,  iii.  604 
kidneys,  iii.  604 
texture,  iii.  604 
colour,  iii.  604 
Tireter,  iii.  605 
tubuli  uriniferi,  iii.  605 
modifications,  iii.  605 
of  the  subclasses  of  Mam- 
malia, iii.  605 

developmental  characters,  L 6 
Mammary  organs,  iii.  ZM 
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MAN 

Man.  Sfe  Bimana.  Homo. 

Maoatpc,  Ijones  of,  ii.  433.  435 
diaphragm,  iii.  2 
ManjituK,  diapbagm  of,  iii.  2 
heart,  iii.  521 
organ  of  hearing,  iii.  226 
organ  of  taste,  iii.  104 
skull,  ii.  ^ m 
teeth,  iii.  284 

Tertebml  column,  ii.  430.  432 
Mandrill,  bones  of,  ii.  518,  et  ^q. 

Mania  longii.'audata,  derm  of,  iii.  612 
claws,  Hi.  623 
limb-bones,  ii.  4Q9 
ortran  of  hearing,  iii.  222 
skull,  ii.  404 
teeth,  iii.  265 

Manis  p<'ntadacty1a,  characters  of,  ii.  279 
alimrntar}’  canal,  ii.  447 
■cab's,  iii.  {i22 
skull,  ii.  403 

rertebrate  column,  ii.  306 
Marmot,  bones  of,  ii.  382 
Marsupial  bone  in  Munntremata,  ii.  326 
leones  in  Marsupialia,  ii.  356 
organs,  iii.  770 
jwiches  of  Fishes,  L 613,  614 
Marsupialia,  characters  of,  ii.  275 
aumentar}'  canal,  iii.  Ill 
stomach,  iii.  4JI 
intestines,  iii.  417 

table  of  lengths,  iii.  420 
brain,  iii.  IM 
development,  iii.  718 
heart,  iii.  616 
liver,  iii. 

locomotion,  iii.  68 
mouth,  iii.  385 
moseles,  iii.  8 
nervous  system,  iii.  74 
itT^vin  of  hearing,  iii.  227 
organs  of  generation,  iii.  615 
male,  iii.  045 
female,  iii.  080 
osseous  system,  ii.  328 
skeleton,  ii.  328 

A.  vertebral  column,  ii.328 

B.  skull,  ii.  334 

frontal,  ii.  342 
}acr}'ma),  ii.  343 
malar,  ii.  343 
nasal,  ii.  343 
rostral,  ii.  344 
premaxilla  r)',  ii.344 
maxillur}*,  ii.  344 
jaws.  ii.  348 

C.  bones  of  the  limbs,  ii.  350 
scapula,  ii.  350 
cbiricle,  ii.  351 
humerus,  ii.  352 
radius,  ii.  353 
ulna,  ii.  3.53 
carpus,  ii.  MA 


MEL 

i Marsupialia— osseous  system— 

pelvis.  iL  354 
ilium,  ii.  355 
I ischia,  ii.  356 

marsupial,  ii. 
femur,  ii.  3.SS 
knee-joint,  ii.  358 
tibia,  ii.  35S 
fibula,  ii.  359 
tarsufs  ii.  360 
aatragaius.  ii. 
pedes  saltatori..  u. 
.361 

respiratory  system,  iii.  576 
salivary  glands,  iii.  398 
skeleton  of,  ii.  328 
skull,  ii.  334 
spleen,  HL  560 
teeth,  Hi.  285 
’ thyroid,  iii.  564 

I tongue,  iii.  I9I 

, urinary  system,  uL  6o6 

I veins,  iii.  552 

vertebral  column,  ii.  328 
Marsupium,  or  pecten,  of  .\ves,  ii.  138 
functions,  ii.  Liii 
Marlin  cats,  teeth  of.  iii.  333 
Mastodon,  bones  of,  ii.  441 
Mastoilon.  characters  of,  ii.  282 
teeth,  iii.  343,  378 
vertebral  column,  ii.  441 
Megaceros,  characters  of,  ii.  28.5 
horns,  iii.  628 
limb-bones,  ii.  483 
teeth,  iii.  351 

Mcgnderma,  alimentary  canal  of.  Hi.  424 
derm,  iii.  618 

Megalichthys,  alimentary  canal  of,  L * 
teeth,  L 378 

Megnlonyx,  limb-bones  of,  ii.  iJ  I 
MegalosHurus,  characters  of,  L LS 
teeth,  L 387,  405 

Megalotis  Lalandii,  organ  of  hearing  of,  iti 
234 

Megapodius,  scapular  arch  and  liml-s  uf.  it. 

U 

‘ Megatherium,  characters  of,  L xxxii. 
locomotion,  iii.  fill 
nerves,  iii.  182 

, osseous  system,  ii.  297 
‘ liml^lxmes,  ii.  3u7,  408,  411.  Hi 

I skull,  ii.  402 

teeth,  u 3^  363;  iii.  274.  275 
Mcleagris,  characters  of,  L 28 

dorsal  vertebne  and  slemtuo,  ii.  21 
I generative  system,  ii.  258 

Melts  taxus,  limiv-bones  of,  iL  5o9 
mammar}'  glands,  iii.  780 
organ  of  hearing,  iii.  234 
organs  uf  generation,  male,  iii.  669 
skull,  ii.  5111 
teeth,  iii.  333,  334 
vertebral  column,  ii.  481 
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UEM 

Mcnobranchus,  arteries  of,  L 518 
ills,  L 514 
part,  L 506 
pancreas,  L 453 
skull,  L 

Menopoma  {fyn.  Cryptobranchus) — 
alimentary  canal,  L 440,  446 
arteries,  L 517 
gills,  L 51.S 
heart,  L 506 
kidney's,  L 537 
larynx,  L 527 
liver,  L 451 

male  organs  of  generation,  L 576 
pancreas,  L 453 
pectoral  limb,  L 170 
teeth,  L 390 
thymus  body,  L 565 
Tcrtebral  column,  L 49 
Mephitis  zorilbi,  anal  gland  bogs  of,  iii.  637 
Morgus  cucullatus,  external  sexual  charac- 
ters of,  ii.  257 

Mergus  mei^anser,  tnwhea  of,  ii.  22fi 
Mergus  serrator,  beak  of,  ii.  149 
lower  larynx,  ii.  22A 
trachea,  ii.  220 
Meriones,  teoth  of,  iii.  296 
Merlangus  vulgaris,  pyloric  ap{>ciidagus 
and  pancreas  of,  L 428,  IM 
Merluecius,  female  organs  of  generation  of, 
L5I2 

gills,  L 514 
nerves,  u 300 

Meropidie,  characters  of.  ii.  LI 
Merops,  eggs  of,  ii.  256 
Merulu  dact^’loptcru,  scapular  arch  and 
limbs  of,  it.  74 

Morycopotamus,  chanicters  of,  ii.  286 
Metamorphoses  of  Batrachians,  i»  628,  629 
Fishes,  L 61 1 

Melopoceros,  teeth  of,  L 403 
Microcebus  pusillus,  oigan  of  taste  of,  tti. 
199 

MIrrodus,  locomotion  of,  L 248 
Micn^glossus,  skull  of,  ii.  58 
Micropogon,  air-bladder  of,  L 491 
Microscopical  anatomy,  L vili. 
Microtlierium,  charactera  of,  ii.  286,  287 
skull,  ii.  472 

Midiis,  ntHmanus,  alimentaiy^  canal  of,  iii. 
432 

osseous  system,  ii.  512 
prosencephalon,  iii.  114,  121,  125, 129, 
131 

teeth,  iii.  315 

Milvus,  locomotion  of,  ii.  116 
Mincopics,  the,  of  the  Andaman  Islands, 
organs  of  smell  of,  iii.  210 
Mole.  Sff  Talpa 
Molossus,  mouth  of,  iii.  387 
Monitor,  alimentary  canal  of,  L 445 
development,  L 638 
Monochir,  chametem  of,  L xxxiiL 


MOR 

Monodon,  teeth  of,  iii.  265.  279.  280 
vertebral  column,  ii.  418 
Monophyllus,  oigans  of  taste  of,  iii.  L92 
Monophyodonts,  teeth  of,  iii.  271 
Monopnoa,  characters  of,  L 9 
Monopterus,  gills  of,  L 481,  486 
Monotremata,  development  of,  iii.  715 
bones  of  the  limbs,  ii.  323 
characters  of,  ii.  275 ; iii.  ^ 99 
heart,  iii.  516 
liver,  iii.  481 
muscles,  iii.  2 
nervous  system,  iii.  13 
organs  of  generation,  iii.  643 
male,  iii.  643 
female,  iii.  677 
organ  of  hearing,  iii.  226 
osseous  system,  ii.  316 
skeleton,  ii.  316 

A.  vertebral  column,  ii.  316 

B.  skull,  ii.  31B 

C.  bones  of  the  limbs  ii.  323 

scapula,  ii.  323 
coracoid,  ii.  .323 
clavicle,  ii.  324 
humerus,  ii.  324 
radius,  ii.  224 
ulna,  ii.  324 
carpus,  ii.  32.> 
pelvis,  iL  32fi 
ilium,  ii.  326 
ischium,  ii.  326 
pubis,  ii.  326 
marsupial,  ii.  263 
femur,  ii.  327 
patella,  li.  321 
tibia,  ii.  327 

j 6bula,  ii.  327 

tarsus,  ii.  327 

' astragalus,  ii.  328 

' pancreas,  iii.  492 

respiratory  system,  iii.  525 
salivary  gland.s,  iii,  397 
! skeleton  of,  ti.  316 

> skull,  ii.  316 

I spleen,  iii.  560 

teeth  of,  tii.  265 
thymus,  iii.  567 
thyroid,  iii.  564 
urinarj'  system,  iii.  605 
, veins,  iii.  552 

vertebral  column,  ii.  316 
j Mormoops,  mouth  of,  iii.  387 
I Mormydie,  characters  of,  L ll) 

1 Mormynis,  characters  of,  L 19 
skull,  L 118 

Mormynis  dorsalis,  eloctrio  or^ns  of,  i.  350 
Mormynis  longipinnis,  electric  organs  of, 
L 350,  355 

, alimontaiy  canal  of,  L 416.  417 
arteries,  L 488 

! Mormynis  oxyrhynchns,  electric  orgsius  of, 
j ia  350 
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Kormvras  Petersii,  alimentarj  canal  of,  L 
410" 

Morrhoa  Tulgarie,  air-bladder  of,  L 495 
alimentary  canal,  L 421 
gills,  L 4M 

male  organs  of  generation  of,  L 569 
myelencepbalon,  u 271-274,  276,  278- 
2B0,  282,  284 

nerves,  L ^ 30U303,  305,  306,  308, 
309 

pectoral  limb,  L 164-166 
pelvic  arch  and  limb.  L 179 
skull.  L 73.  93.  95-100.  107.  109-118. 
U5.  117-121,  123-126 
Mosasaurus,  characters  of,  L xxxviii 
skull,  i.  157 
teeth,  L 4^  4li2 
Moschidie,  characters  of,  ii.  286 
limb-bones,  ii.  486 
mammaiy  glands.  Hi.  779 
Hoschus  aquaticus,  alimentary  canal  of,  iii. 
412 

limb-l>ones,  ii.  486,  487 
liver,  iii.  483 

Moschus  moBcbifenis,  preputial  glands  of, 
iii.  035 

limb-bones,  ii.  484,  486 
liver,  iii.  481 
skull,  ii.  ill 
teeth,  iii.  861 

vertebral  column,  ii.  460 
Motacilhi,  eggs  of,  ii.  257 
Mouth  of  Aves,  ii.  156 
Fishes,  L 409 

Mammalia,  ii.  267  ; iii.  383 
Keptiles,  L 434 

Mugil,  alimentary  canal  of,  L 418 
pectoral  limb,  L 166 
Vertebral  column,  L ^ 

Mugil  cephalus,  U gumeut.**  of,  L 550 
Mugil  labrosus,  alimentary  canal  of,  L 
iin 

Mogilidie,  characters  of,  L 11 
alimentniy  canal,  i.  420 
Mullus,  myelencephaion  of,  i.  283 
nerves,  L 300 

Munena.  alimentary  canal  of,  L 421 
arteries.  L 489 
itcapular  arch,  ii.  65 
skull,  u 122 
teeth,  L 370 

Munena  helena.  skull  of,  L 1 13 
vertebral  wdumn,  L 45 
Mura>nidie.  characters  of,  L 16 
alimentary  canal,  L ill 
nerves.  L 315 
skull,  L U8 
vertebral  c<dnmn,  L 11 
Munenuphis,  arterit's  of,  L 470 
gills,  L 418 
skull,  L 125 
teeth.  L 310 

*4js,  ailnnials  of,  iii.  570 


I 


HTL 

Muridse^  contin  u/d, 
limb-bones,  ii.  382 
organs  of  generation,  male,  iii.  655 
female,  iiL  686 

organs  of  smell,  uL 
skull,  ii.  378 
teeth,  iii.  2^ 

Mus  decumanus,  alimentary  canal  of,  m.  421 
liver,  iii.  485 
mammary  glands,  iii.  776 
oigans  of  hearing,  iii.  230 
oigans  of  smell,  iii.  209 
pancreas,  iii.  493 
Mas  messorius,  brain  of,  iii.  1 43 
mammary  glands,  iii.  776 
Mus  musculus,  brain  of,  iiL  143 
mammary  glands,  iii.  776 
Mus  rattus,  alimentary  canal  of,  iii.  4li> 
limb-bones,  ii.  382 
Muscle,  structure  L 200 
Musk-deer,  blood-discs  of,  L 4 
bones  of,  ii.  460,  47 1 
Musophagidie,  characters  of,  ii.  12 
alimentary  canal,  ii.  173 
osseous  system,  ii.  2^  .56 
Mustela  martes,  development  of,  iiL  744 
organs  of  generation,  male,  iiL  67$ 
pancreas,  iii.  495 

Mustela  zibolliua,  vertebral  column  of,  a 

4^ 

Mustelidte,  limb-l>ones  of,  ii.  509 
mammaiy*  glands,  iii.  780 
organ  of  hearing,  iii.  234 
skull,  ii.  5^ 
teeth,  iii.  333 
urinar\’  system,  iii.  608 
vertebrate  column,  ii.  492 
Mustelines,  Imncs,  ii.  491 
Mustelus,  gills  of,  L 486 
heart,  L 474 
vertebral  column,  L 35 
Mustelus  levis,  development  of.  L.  610 
female  organs  of  generation.  L 575 
Mutilata.  characters  of,  ii.  280,  296,  299 
development,  iii.  732 
Mycetes  scniculus,  caecum  of,  iii.  432 
cranium,  ii.  529,  531 
development,  iii.  745,  746 
laiy  nx,  iii.  598 
Mycteria,  beak  of,  iL  L4I 
Mydaus  meliccps.anal  gland-bag  of,  iii.  63? 
limb-bones,  ii.  509 
vertebral  column,  ii.  491 
Mycloncephala.  Sf*  Vertebrata,  ix,  x, 
xi.  xii,  L:4^  ^ 3^  640 

Mygnle.  See  Mvogalea. 

M}  letes,  teeth  o?,  L 369 
Myliolatids*.  characti‘rs  of,  L 13 
Myliobatis,  characters  of.  L 15 
heart,  L 474 
skull,  L 81 

teeth.  L 36^  373^  325,  378;  iiL 

273 
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Mylodon,  limb-bones  of,  ii.  414.  4lfi 
norves,  iii.  162 
skull,  ii.  407 

Tertebral  column,  ii.  401 , 402 
Mjobatmehus  pamdoxus,  development  of, 
L fi2fl 
skull,  L 

teeth,  L 386,  392 

Myocornmn  (syn.  myomere,  myotome),  L 203 
Myogalea  (syn.  Mygale)  mosehata,  caudal 
scent-gland  of,  iii.  637 
teeth  of,  iii.  304 

Myopotamus,  alimentary  canal  of,  iii.  423 
adrenals,  iii.  670 
lungs,  iii.  512 
mammary  glands,  iii.  775 
organ  of  taste,  iii.  192 
teeth,  iii.  377 

Myoxus,  alimenta^  canal  of,  iii.  422, 423 
hybernation,  ii.  4 
mammary  glands,  iii.  776 
Myripristis,  organ  of  sight  in,  L 331 
klyrmccobius.  skull  of,  ii.  335,  336,  342. 
343,  349 

teeth,  iii.  2^  2^  294,  302 
Myrmecophaga  didaetyla,  limb-bones  of,  ii. 

4ia 

male  organs  of  generation,  iii.  658 
prosencephalon,  iii.  1 10 
salivary  glands,  iii.  402 
vortebml  column,  ii.  398 
Myrmecophaga  jul>ata,  characters  of,  ii.  279 
alimentary  canal,  iii.  448 
brain,  iii.  143 

female  organs  of  generatioD,  iii.  631 
larynx,  iii.  686 
limb-boncs,  ii.  410 
liver,  iii.  iM 
mouth,  iii.  383 
muscles,  iii.  20-24 
nerves,  iii.  151 
organ  of  bearin|^,  iii.  231 
organ  of  smell,  lii.  210 
pancreas,  iii.  494 
salivary  glands,  iii.  403 
skull,  ii.  388,  403 
teeth,  iii.  265 
vertebral  column,  ii.  397 
Myxine,  characters  of,  L3 
mils,  L 476 
neart,  i,  471 
nerves,  L 299 
ovulation,  L 598 
teeth,  i.  369 
veins,  L 468 
verlebne,  L 31 


AIA,  muscles  of,  L 225,  231 
Naia  trinudians,  lungs  of,  L 524 
teeth,  I 327 
tegument,  L 555 
vertebral  column,  L 56 


NOD 

Naiid®,  tegument  of,  L 555 
vertebral  column,  L 56 
Nails  of  Mammalia,  iii.  623 
Nandus,  arteries  of,  L 489 
Nannemys,  oviposition  in,  L 613 
Narcine,  skull  of,  L 18 
Narwhal,  tusks  of,  iii.  280 
Nasalis  lar\*atus,  alimentary  canal  of,  iii. 

433 

development,  iii.  746 
organ  of  smell,  iii.  216 
osseous  system,  ii.  5I9 
Noseus,  Sigamus,  pectoral  limb  of,  L 164 
Nivseus  uuii'omis,  skull  of,  L 114 
Nasua,  limb-bones  of,  ii.  501.  5Q8 
mammary  glands,  iii.  780 
prosencephalon,  iii.  117 
teeth,  iii.  334 

Natantia,  characters  oC  L IL 
Natatores,  characters  of,  L 2 
Natricidse,  U'eth  of,  L 394 
teguments,  L 555 

Natrix  tonjuata,  arteries  of,  L 522 
development,  L 634.  6.36 
kidneys,  u 539 
lungs,  L 522 
I oviposition,  L 616 

j ovulation,  L 592. 

I teguments,  L 555 

j Naucrates,  changes  with  growth,  L 612 
: Negro,  sktill  of  the,  ii.  564,  565 
Nelomys,  mammary  glands  of,  iii.  776 
I Nervous  tissues,  L 266 
I centres  and  nerves,  L 222 

I sensations  and  reflex  actions.  L 266 

myolencej>haloD,  or  cerebro- 
spinal system,  L 222 
I tubes  altered  by  re-agents,  L 267 

I diameters  in  the  different  vertebmto 

I classes,  h 267 

I neurilemma,  L 267 

myelencephalon  of  Fishes,  L 268 
I of  Reptiles,  L 290 

I of  Aves,  ii.  117,  118 

of  Mammalia,  iii.  73-146 
Nervous  system  of  Htcmatociy’a,  L 222 
appendages,  L 223 
Pacinian  corpuscles,  L 323 
Savian  corpuscles,  L 324 
Nesodon,  teeth  of,  iii.  266 
Nestor,  sexual  characters  of,  ii.  258 
Nests  of  Aves,  ii.  257 
Fishes,  L 611 
Nouricity,  L 318 
Nenrilenima,  L 267 

Nourocomma  (sy».  neurumcre,  nerve-seg- 
ment)  i ix.  203,  270,  e(  seq. 

I Newt,  brain  of,  L 29D 
I Nictitantes,  characters  of,  L 13 
I organ  of  sight,  L 332 
I Nocthora  trivirgata,  development  of,  iii.  743 
Noetilio,  mouth  of,  iii.  387 
Nodulus  in  Fishes.  L 273 
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Nomogcny  (<^.  Hetorogeny,  Spontaneous 
Generation),  Hi.  B14 
Notidnni<He,  characters  of,  L L3 
Notidanus  oinereiia,  ovulation  of,  L 
teeth,  L 373 

vertebral  column,  L Mi  35 
Notomia,  characters  of,  L xxxiit 

dorsal  vortebrte  and  sternum,  ii.  ^ 
Ml 

skull,  ii.  M 

Nototherium,  skull  of,  ii.  335 
teeth,  iii.  393 

Notbosaurus,  chamcters  of,  L Ifi 
pelvic  arch  and  limb,  L IM 
vertebral  column,  L 53 
Nutotroma  marsupiatum,  development  of, 

i.  606 

fem.ile  organs  of  generation,  L 5&1 
tepiment,  L 5.51 

Numenius,  dorsal  rertebrm  and  sternum, 

ii. 

skull,  ii.  ^ 

Numidti,  beak  oft  ii. 

lower  larynx,  ii.  *2‘10 
Nycteris,  derm  of.  iii.  613 
mouth,  Hi.  387 


OCTCDGN,  mammary  glands  of,  iii.  775, 

m 

teeth,  iii.  299 

(Ediciiemus,  dorsal  vertebr®  and  sternum, 
ii.  2fi 

pelvic  limbs,  ii.  82 

Oligixlon  bitorquatus,  teeth  of,  L 395 
Omniatophoon,  teeth  of,  iii.  337 
Omnivora,  characters  of,  L xxix. ; ii.  22fi 
Ophidia.  al>sorbent  system  of,  L liS 
adrenals,  L 543 
alimentary  canal,  L 434 
blood,  L iiil 
characters  of,  L 17 
fecundation,  L 615 
oviposition,  i.  616 
development,  L 634,  635 
generative  organs,  L 579 
male,  L 579 
female,  L 585 
hearing,  organs  of,  L 318 
heart,  L 507 
larynx,  L 528 
liver,  L 448 
locomotion,  L 259 
lungs,  L 524 

n'spiraloTy  actions,  i.  Ml 
kidneys,  L 538 
muscles  of  the,  L 22 1 
osseous  sy>tem — 
skull,  L im 
vertebral  column,  L M 
|K>isoo*glands,  L 563 

secretion,  the  poison  • glaud,  L 
563 


ORT 

Ophidia — continued. 

scent'glands,  h 563 
sight,  organs  of,  L 338 
Bvmpatbetic  nervous  S}*stem,  L 3^1 
te^th,  L 393 
teguments,  L 553 
epidenn,  L 553 

periodical  shedding^,  L 
scales,  L 5.54 
claws  or  hooks,  L 554 
pigment  cells,  L 555 
5i‘cn'ting  follicles,  L 5.55 
thymus  body  or  gland,  L 565 
thyroid  boily  or  gland.  L 565 
veins,  L 5o3 

Ophidiidae,  characters  of,  L.  10 
Ophidium,  characters  of.  L 10 
Ophidium  barbatum,  vertebral  culanm 
L13 

Ophiocephalus,  air-bladder  of,  L 491 
Ophiomorpha,  charaeU  rs  of,  L 15 
vertebral  column,  L 49 
Ophisaurus,  skull  of,  L 158 
teguments,  L 555 
Opisthocoelia,  characters  of,  L 17 
vertebral  column,  L 69 
Opisthodelphis  ovifera,  art»  rie«  of,  L il5 
fomalti  organs  of  genenttioo,  L 588 
opposition,  L 616 
teguments,  L 5.5 1 
Opos.sum,  generation  of,  iii.  721 
osseous  system,  ii.  337 
Orang-cetan.  &‘e  Pithecus  satyrus. 
Oreophasis,  osseous  svstem  of.  ii.  ^ 32. 

Omithorhvnchus,  ulimeutai^  cazud  of,  m. 

beak,  Hi.  383 
j brain,  iii.  Iii2 

' crumi  gland,  iii.  639 

j genemlivo  oi^^aiis,  iii.  64  4 

I male,  iii.  644 

I femHlc,  iii.  678 

I development,  iii.  H7 

* eye,  iii.  246 

I heart,  iii.  516 

jaws,  iii.  384 

I nuimnniry  oigans,  iii.  761 

* muscles,  iii.  2 

! nervous  system,  iii.  73 

I olfactory  nerv'e,  iii.  2<18 

1 osseejus  system,  ii.  317 

* s^ilivaiy  glands.  Hi.  397 

j spleen,  iii.  560 

} thyroid,  iii.  564 

I Ortali«!n,  lower  larynx  of,  ii.  220 
! Orthagoriscus,  alimentary  canal  c^,  L 42J 
: gills,  L 480 

kidneys.  L 536 
j muscles,  L 212 

* inyclencephalon,  L 271 

oigan  of  sight,  L 331.  334-336 
j Orthorhynchus,  beak  of,  ii.  1 47 
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*t  vx,  dorsal  rcrtebrar  and  stornum  of»  ii. 
‘26.  ^ 

•ycteromra,  teeth  of,  iii.  296 
‘^'Cterus,  alim^Dtarj  canal  of,  iii. 
lungs,  iii.  o77 

rycteropus.  cliaractiTS  of,  ii.  279,  375 
heart,  iii.  520 
limb-bones,  ii.  409 
liver,  iii.  4S4 
mouth,  iii.  31:^5 
organ  of  hearing,  iii.  231 
organ  of  smell,  iii.  210 
ekull,  ii.  404 

teeth,  L 359 ; iii.  ^ 273,  366 
vertebral  column,  ii.  395 
sphranter,  organ  of  smell  of,  iii.  205 
sphromenus,  organ  of  loueh  of,  L 326 
*sstilcalioo,  tendons  of.  in  .-\ves,  ii.  83 
i»t<.K>comniH  {0//n.  bone-^iegmcnt  or  osteo- 
niere),  L 2^  203 

tstracioD.  alimentar}-  canal  of,  L Hi 
bones  of,  L 25 
muscles,  L 212 

■>straciontid»,  characters  of,  L Li 
Istracostei,  characters  of,  L 12 
Itaria  leoniiia,  sen  jul^ata,  lirer  of,  iii. 
4M 

skull,  ii.  495.  497, 19B 
U-eth.  iii.  336 

Dtaria  lobata,  hair  of,  iii.  618 
Otaria  ursina,  hair  of,  iii.  618 
limb'bjnes.  ii.  5o7 
oignn  of  hearing,  iii.  234 
organ  of  smell,  iii.  216 
Otis,  organ  of  beanng  of.  ii.  133 
ossi'ons  system,  li.  23,  25.  82 
CHocrjptis,  teeth  of,  L 1U2 
Olodus,  teeth  of,  L 372 
OtolicDus  crassicaudatus,  alimentaiy  canal 
of,  iii.  431 

mammary  glands,  iii.  780 
organs  of  generation,  male,  iii.  572 
o?»<ou8  system,  ii.  512.  542 
OtolicDus  IMi,  ostf^us  system  of,  ii.  512 
organs  of  generation,  female,  iii.  701 
tee:b,  iii.  315 
Otomys,  teeth  of,  iii.  296 
Otoops,  mouth  of,  iii.  387 
Otter,  b)nes  of  the,  ii.  60 1 
Oudenodou,  tt'cth  of,  L 385,  400 
Ourax,  osstous  system  of,  ii.  27j  65 
Ovidie,  hums  of,  iii.  624 

mAmm:u'y  glands,  iii.  779 
OripoDt  in  Mammalia,  iii.  71 1 
Oris  ammou,  hair  of,  iii.  618 
skull,  ii.  474 

Oris  ariea,  cbaracters  of.  ii.  286 
dfV»lopment,  iii.  738 
macuinyeluii,  iii.  ^ 
skull,  ii.  474,  475 
Otis  mahum.  skull  of,  ii.  474 
vertebral  column,  ii.  462 
Oris  musimon,  hair  of,  iii.  618 

VOL.  III. 


PEC 

Ovis  VigBei,  hair  of,  iii.  618 
skull,  ii.  474 

j Orulation  in  NLimmali.a,  iii.  709 
j Orum,  development  of,  in  vertebrates,  L 1 
Ox,  alimentary  canal  of,  iii.  471 
I bones,  ii  451,  472 

horns,  iii.  625 
muscles,  iii.  42 
organs  of  generation,  iii.  668 
I organ  of  bearing,  iii.  233 

salivary  gland,  iii.  404 
organ  of  sight-  iii.  251 
organ  of  smell,  iii.  213 
Ozyglussus,  alimentary  canal  of,  L 436 
teeth,  L 392 


I T)AGRUS,  changes  accom|icinying  growth, 
1 L512 

Pdlieontology,  L viii ; iii.  790 
, PaIseo»auru!!i,  teeth  of,  L 405 
Polaotherium,  ciiaractors  of,  L zrli,  xxxi ; 

ii.  28L  3U9 

geological  remains  of,  iii.  789 
teeth,  iii.  340-343.  356,  375.  377 
Palamidea,  scapular  arch  and  limbs  of,ii.  74 
tegumentary  system,  ii.  232 
Palaptervx,  charaeierH  of,  it.  12 
pelvic  limbs,  ii.  it2 

Paloplotlierium,  gccdugical  remains  of,  ilL 
112 

Pancreas  of  .Vves,  ii.  178 
Fishes,  i-  42S 
in  Mammalia,  iii.  492 

pancreatic  tluid,  iii.  499 
Reptiles,  L 4.53 
PaodioD,  bones  of,  ii.  21 
Pangasius,  air-bladder  of,  L 491 
Pangolin,  bones  of,  it.  tn.3 
Panician  corpuscles,  l 323 
Papio  Mormon,  brain  of,  iii.  91 

organs  of  generation,  male,  iii.  673 
female,  iii.  703 
osseous  system,  ii.  517.  531 
prosencephalon,  iii.  131 
teeth,  iii.  316 

Par.idisia,  clmracters  of,  it.  Ui 
Paraduxurus  typus,  alimentary  canal  of, 

iii.  445 

mammary  glands,  iii.  780 
teeth,  iii.  33 1 
vertebra!  column,  ii.  492 
Pdraaiphius,  limb-bones  of,  ii.  427 
skull,  ii.  426 

Parra,  scapular  arch  and  limbs,  ii.  74 
eggs  of,  ii.  256 
Pants,  cbaimters  of,  ii.  lit 
Passerita,  organ  of  taste  of,  L 327 
Patagonian,  skull  of,  ii.  568 
Pavo,  osseous  system  of,  ii.  21j  lAx  81 
Pearly  vehicle  covering  the  spinal  utrres  * 
of  the  Frog,  L 315 
Pcccari.  bones  of.  ii.  458,  470 
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Pegasus  dracOt  dermoskeleton  of,  L 19& 
Pelagtus  monachus,  limb-bones  of,  ii.  507 
wrtebral  column,  ii.  495 
PeUm\T«,  liver  of,  L 448 
tegument,  L 554 
Pclecanus,  beak  of,  ii.  IlB 
cervical  vertebrse,  ii.  40 
heart,  ii.  188 

muscles  of  the  le^,  ii.  103 
pelvis,  ii.  M 

scapular  arch  and  limbs,  ii.  70 
skull,  ii.  04 
sternum,  ii.  2^  24 
tongues,  ii. 

Fclobatcs  fuscus,  semination  and  ovulation 
of,  L 591.  592 

Penelope  cristata,  alimentar}’  canal  of,  ii. 
Ill 

Penelope  mirail,  lower  larynx  of,  ii.  220 
Perameles,  alimentary  canal  of,  iii.  412.  420 
limb-bones,  ii.  351 . 362.  363 
lungs,  iii.  576.  577 
mammary  glands,  iii.  774 
mouth,  iii.  385 
muscles,  iii.  ^ 10 
organ  of  bearing,  iii.  228 
organ  of  smell,  iii.  208 
organ  of  taste,  iii.  101 
skull,  ii.  ^ ^ 342 
teeth,  iii.  287 

Perameles  Ounnii,  limb-bones  of,  ii.  352 
mouth,  iii,  388 

Perameles  lagotes,  larynx  of,  iii.  584 
limb  Iwnes,  ii.  362,  359,  363 
muscles,  iii.  14 

organs  of  generation,  male,  iii.  647. 048 
organ  of  hearing,  iii.  228 
skull,  ii.  ^ 3Mi  ^ ^ ^ 

vertebral  column,  ii.  333 
Pemmoles  nasut  a,  alimentary* canal  of,  iii.  420 
blood,  iii.  513 
skull,  ii.  339 
th,  iii.  2R8 

Perameles  obesulu,  female  organs  of  gene- 
ration of,  iii.  683 
teeth,  iii.  288 
Perea,  characters  of,  L 11 
skull,  L 101 
vertebral  column,  L 48 
Perea  fluviatilis,  alimentary  canal  of,  L 410 
female  organs  of  generation,  L 52i 
heart,  L 472  i 
myelencephalon,  L 277.  278 
myology,  L 202,  205-211 
nerves,  L 297.  304-306 
organ  of  hearing,  L 342 
organ  of  si^ht,  L 336 
ovulation,  l 590 

pyloric  appendage  and  pancreas,  i,  430, 
4 32 

skull,  L IMi  125 

leoth,  L 369 
veins,  L 467 


] PercidiE.  characters  of,  L 12 
I teeth,  L 318 
I Pcrcis,  air-bladder  of,  L 493 
' Pervophis,  air-bladder  of,  L 493 
’ Perdix,  dorsal  rertebne  and  stemu  aC 

sacral  veilebne,  ii.  2fi 
Periophthalamus,  myeleDcephAloB  oC 

275 

Ferissodoctyla,  characters  of,  ii.  283.  22* 
alimentary  canal,  iii.  468 
muscles,  iii.  20 

organs  of  generation,  male.  in.  660 
femalt',  iii. 
prosencephalon,  iii.  121 
teeth,  iii.  352 
vertebral  column,  ii.  444 
I Perissodactyla,  alimentary  canal  iii  4;* 
\ brain,  iii.  121 

I organ  of  sight,  iii.  251 

I Cleans  of  generation,  iii.  661 

male,  iii.  661 
female,  iii.  693 
osseous  system,  ii  iii 
ekeleton,  ii.  iii 

A.  TMlebrate  colmna.  ii.  4v> 

wnrical,  ii. 
donuil.  ii.  444-44S 
. lumbar,  ii.  444-444 
Mural,  ii.  444-44$ 
raudal,  ii.  444-44* 

B.  skull,  ii.  448 

froDtals,  ii.  44i» 
lacrymal,  ii.  449 
nasal,  ii.  449 
prrmaxillaries,  ii  ill 
j jaws,  ii.  443 

C.  lames  of  the  liml  s,  ii  lii 

scapula,  ii.  4.*)4 

I humerus,  ii.  4.i4 

I radius,  ii.  4.S4 

I ulna,  ii.  4. ’14 

' ilinm,  ii  4.S4 

isehia.  ii.  4.*>4 
r carpus,  ii.  4M 

tibia,  ii.  4.Sfi 
fibula,  ii.  sftfi 
astragalus,  ij.  457 

I teeth,  iii.  3.53 

urinary  system,  iii.  606 

' Percdieticus  potto,  ctreum  of.  iii.  4.31 

organs  of  generation,  male,  iii.  621 
female,  iii.  7il 

I osseous  system,  ii.  512.  528.  o41 

I tongue,  iii.  L28 

I Peruvian,  skull  of,  ii.  561 
I Petalodus,  teeth  of,  L 371 
Petaurus,  derm  of,  iii.  612 

limh-bones,  ii.  353.  3.55.  356.  358  Si' 
361.  362 

mnmmnry  glands,  iii.  770 
skull,  ii.  344.  347,  3.vl> 
vertebral  column,  ii.  329 
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Pctaunis  (Acrobates)  pygmanjp,  alimentary 
canal  of,  iii.  ilH 

female  oi^ns  of  generation,  iii.  ilfil 
akull  of,  ii.  335 

t^eth,  iii.  290^  3^  3^  340,  34^  349 
Petaurus  Bennettii,  skull  of,  iii.  337.  338 
Petaunis  flariventer,  ekull  of,  iii.  336,  345 
Potaiirus  macrurus,  limb*bones  of,  ii.  3.52 
vertebral  column,  ii.  331,  332 
Petaurus  sciureus,  limb-bones  of,  ii.  352 
skull,  ii.  ^ ^ 34^  3^  315 
vertebral  column,  ii.  332 
Petaurus  Taguanoides,  alimentary  canal  of, 
iii.  418 

female  organs  of  generation,  iii.  682, 

683 

limb-bones,  ii.  352,  360,  362 
skull,  ii.  343 

Petrodomus,  mouth  of,  iii.  384 
teeth,  iii.  302 

Petronyzon  Amroocales),  characters 

of,  L L S 

alimentnr)’  canal,  L 412 
gills,  L 115 
growth,  L 61 1 
heart,  L 111 
kidneys,  L 534,  536 
liver,  i.  425 
muscles,  L 212 
nerves,  L 328 

organs  of  genemtion,  male,  L 568 
female,  L 511 

osseous  system,  L 32 

vertebne,  development  of,  L 32 
skull,  L I2i  LIA 
semination,  L 590 
Pezophaps,  characters  of,  ii.  13 
Pezoponis,  dorsal  vertebne  and  sternum 
ii.  2fi 

scapular  arch  and  limbs,  ii.  67 
Phacocbcenis.  lungs  of,  iii.  581 
organ  of  smell,  iii.  216 
organ  of  taste,  iii.  Iil5 
skull,  ii.  469 
spleen,  iii.  551 
teeth,  iii.  346 

Pbeniotpterus,  characters  of,  ii.  2 
alimentary  canal,  ii.  152 
Leak.  ti.  L12 

dorsal  vertebne  and  sternum,  ii.  ^ 23 
pelvic  limbs,  ii.  82 
tongue,  ii.  152 
Phaeton,  characters  of,  ii.  fi 
Phalangista,  mammary  glands  of,  iii.  769 
limb'boDes.  ii.  351.  355.  359,  360.  381 
muscles,  iii.  8 

skull,  ii.  33^  3^  341-344,347,  348, 

349.  358 
teeth,  iii.  290 

rertcbral  column,  ii.  328-334 
Pbalungista  Cookti,  limb'boncs  of,  ii.  352. 

355.  362 
skull,  ii.  345 
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PHO 

Phalangista  Cookii<-ooN^*At/ftf. 
teeth,  iii.  289.  290 
vertubnil  column,  ii.  331 

Phalangista  fuliginosa,  lungs  of,  iii.  576 
thyroid  gland,  iii.  565 

Phalangista  gliriformis,  lintb-bones  of,  ii. 
355.  359 
teeth,  iii.  288 

Phalangista  ursina,  limb*boncs  of,  iii.  362 
teeth,  iii.  390 

Phalangista  vulpina,  alimentary  canal  of, 
iii.  420 

muscles,  iii.  16 
salivary  glands,  iii.  398 
skull,  ii.  342 
teeth,  iii.  289.  298 
urinary  system,  iii.  606 
vertebral  column,  ii.  332 

Phalcrooorax  carbo,  alimentary  canal  of, 
ii.  16L  183 
skull,  ii.  51 

Phalcris,  osseous  system  of,  ii.  1^  25 

Pbaryngognathi,  characters  of,  L 11 
skull,  L 120 

Phascogale,  alimentary  canal  of,  iii.  41 1. 
412.  420 
larynx,  iii.  581 
mammary  glands,  iii.  774 
teeth,  iii.  286 

Phasoolaivtos,  alimentaiy*  canal  of,  iii.  420 
development,  iii.  740 
limb-lxines,  ii.  35 1 . 353.  357.  359 
organs  of  generation,  male,  iii.  648 
skull,  ii.  342 
j teeth,  iii.  298 

vertebral  column,  ii.  334 
I Phascolomys,  characters  of,  ii.  269 
I alimentary  canal,  iii.  420 

limb-bones,  ii.  350-366,  358-362 
mammary  glands,  iii.  769 
mesencephalon,  iii.  98 
organs  of  generation,  male,  iii.  648 
t female,  iii.  682 

; prosencephalon,  iii.  107,  111 

j skull,  ii.  336-345.  347 

teeth,  iii.  292,  313 

vertebral  column,  ii.  328-330.  331. 

333.  83i 

Phascolotherium,  characters  of,  u xxxi 
dentition  of,  iii.  790 
skull,  ii.  350 

Phasianus,  alimentary  ciinal  of,  ii.  171 
dorsul  vertebne  and  sternum,  ii.  27 
generative  system,  ii.  267 

Philcdon,  wattles  of,  ii.  120 

Phoca  (Cnlocephalus)  vitulinus,  characters 
of,  i xix  ; ii.  289.  296 
alimentary  canal,  iii.  446 
development,  iii.  745 
I heart,  lii.  524 

limVl>ones,  ii.  507 
liver,  iii.  486 
lungs,  iii.  581 
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Phoca  (Calod^phalus) — continurd. 

organs  of  genemtioD,  male,  iii.  669 
female,  iii.  698 

pancreas,  ii.  494 
pmscDcephalon,  iii.  118,  119 
teeth,  iii.  337 
thymus  gland,  iii.  561 
urinary  system,  iii.  6Q5 
Phoca  gnenlandica,  limb-bonci  of,  ii.  507 
prosencephalon,  iii.  115 
fekull,  ii.  498 

vertebral  column,  ii.  488.  489,  494 
Phoosena  communis,  alimentary  canal  of, 
iii.  152 

arteries,  iii.  536 

female  organs  of  generation,  iii.  691 
heart,  iii.  5‘21 
larynx,  iii.  687 
myelon,  iii.  75 
nerves,  iii.  152,  168 
organ  of  he^iring,  iii.  225 
skull,  ii.  424 
veins,  iii.  551 
vertebrate  column,  ii.  418 
Phocenu  orca,  teeth  of,  281 
PhocidiB  (syn.  Pinnigrada),  characters  of, 
ii.  288 

locomotion,  iii.  65 
mammar}*  glands,  iii.  780 
nerves,  iii.  142 
• organ  of  hearing,  iii.  234 
tei  th,  iii.  336 

vertebral  column,  ii.  490.  404 
Phocidae,  organ  of  hearing  of,  iii.  234 
teeth,  iii.  336 

Phiynosoma,  tepuments  of,  L 655 
teeth,  L 403 

Phycis,  pelvic  arch  and  limb  of,  i.  IfiO 
Phyllonycteris,  mouth  of,  iii.  387 
organ  of  taste,  iii.  192 
Phyllostoma,  derm  of,  iii  613 
mouth,  iii.  387 
teeth,  iii.  310 

Phyllurus,  teguments  of,  L 556 
Physeter  macroceplmlns,  larynx  of,  iii.  658 
limb-lvineg,  ii.  196 
organ  of  hearing,  iii.  231 
skull,  ii.  122 

teeth.  L 3^  5M:  in-  363 
vertebral  column,  ii.  415.  419 
Physeteridff,  skull  of,  ii.  419 
Physiological  anatomy,  L 'di 
Picidse,  chamclers  of,  ii.  12 
locomotion,  ii.  L16 
osseous  system,  ii.  37 
Piens,  digestive  system  of,  ii.  152 
tongue,  ii.  152 
salivaiy  glands,  ii.  155 
pancreas,  ii.  158 

osseous  system,  ii.  1^  2^  5^  69 
PimeloduH,  air-bladder  of,  L 491 
liver,  L 427 
locomotion.  L 247 


PfB 

Pimelodus — continued. 
oigan  of  sight,  L 335 
teeth,  L 374 

Pinnigrsda.  8er  Fbocidae 
Pipa,  ebameters  of,  L 15 
development,  L 528 
larynx,  L 528 
lungs,  L 523 
organ  of  hearing,  L 347 
organ  of  sight,  L 337 
organ  of  smell,  L 330 
organ  of  taele,  L 327 
pelvic  arch  and  limb,  L 183.  184 
teguments,  L 551 
Tcrtebne,  i.  34 

vertebral  column,  L 4^  49.  5ii 
Pipidm,  organs  of  taste  of,  L 327 
Pisces,  absorl>ent  system  of,  L 456 
lacteal  system,  L 4o6 
l}*mphatic  system,  L 456 

chyle  and  lyTnph,  i,  4.^8 
adrenals,  L 542 

variation  of  structure,  L 543 
air-bladder,  L 6^  255.  491.  494 
form,  L 491 
walls,  L 492 

variation  in  re«fpeot  to  the  al- 
sence  or  presence  of  the  ai*' 
bladder,  L 493 
vascular  system,  L 494 
contents,  L 494 
function,  L 495 

homology  of  the  swim-bUddtr 
with  the  lungs,  L 497 
alimentary  canal,  L 409 

abdominal  cavity,  L 409 
month,  L 409 
tongue,  L 41 1 
salivary  system,  L 412 
(esophagus,  L 414 
stomach,  L 416 

cardiac  orifice,  i.  416 
forms,  L 416 

cfpcal,  L 416 
siphonial,  L 416 
m<xlificationa,  L 416-418 
muscular  action,  L 419 
intestinal  canal.  L 420 
large,  L 420 
Bmall,  L 420 

tunics,  L 421 

muscular  6brcs  i. 
421 

mucous  membiiBc, 

L 421 

spiral  ralve,  L 422 
cloaca!  outlet,  L 424 
armonr-plateH.  L 246 
arteries,  L 488 
blood,  L 463 

colour,  L 463 
blood-discs,  i.  463 
organic  matters,  L 463.  464 
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Pisces — continued. 

cerebellum,  L 274 
brain,  L 276 

developmenUil  characters,  L i 
electric  organs  of,  L 360 
generative  products  and  development, 

Lbm 

sperm-cells,  spennatoa,  and  sperm* 
atozoa,  L 689 

ovulation  in  Osseous  Fishes,  L 

m 

stages  of  dorelopment,  L 593 
outer  coat  of  the  roe,  L 594 
ovulation  in  Cartilaginous  Fishes, 

L (m 

fecundation,  L 599 
development,  L 601 
growth  and  nests,  L ^1 
xnoUmorphoses,  L 6ii 
marsupial  poaches,  i.  613,  614 
generative  system,  L 568 
male  organs,  L 568 
female  organs,  L 611 
varieties  of  forms,  L 576 
hearing,  organs  of,  L 342 
heart,  L 47 o 
kidneys,  L 533 
shape,  L 534 
tissue,  L 534 
circulation,  L 637 
liver,  L 425 

texture,  L 425 
size,  L 425 
forms,  L 426 
gall-bladder,  L 427 
locomotion,  L 243 

effects  of  cutting  off  fins,  L 259 
muscular  system,  L 202 
nerves,  u 297 
nervous  system,  L 268 

myvlencephalon,  L 2fifi 
osseous  system — 

dermoskoleton,  L 193 
pectoral  limb,  L 1 63 
pelvic  arch  and  limb,  L 119 
skull,  L 92 

vertebral  column,  L 34 
pancreas,  L 2fii 

proportion  of  bard  and  soft  mat- 
ter, L 19 

pyloric  appendages,  L 428 
reproduction  of  parts,  L 567 
respiratory  system,  L 475 
gills,  L 475 

purpose,  L 479 
moaificatiuus,  L 434 
mechanism  of  bnuicbial  re- 
spiration. L 488 

views  respecting  homologins  and 
analogies  of  respiratory  organs, 
498 

sight,  organs  of,  L 331 
smell,  organs  of,  L 329 


PLA 

Pisces — continu'd. 
spleen,  L 490 
teeth,  I 363 
teguments,  L 546 
skin,  L 546 
scales,  L 546.  547 
lubricating  mucus,  L 550 
thyroid  body  or  gland,  L 564 
; touch,  organs  of,  L 32.5 

! urinary  bladder,  L 535 

I veins,  L 464 

why  turn  upside  down  in  death,  L 256 
Pithecia  crysoccphala,  teeth  of,  iii.  315 
Pithecus  sa^yrus,  characters  of,  L xx ; ii. 
272.  273 

alimentary  canal,  iii.  431 
arteries,  iii.  536 
brain,  iii.  127,  131 
feet,  ii.  553 
lar}'Dx,  iii.  699 
locomotion,  iii.  79 
lungs,  iii.  582 
mammary  organs,  iii.  780 
osseous  system,  ii.  62Q 
skull,  ii.  534 
clavicle,  ii.  544 
teeth,  iii.  316 
Plncentalia,  iii.  265 
Placodus,  chameters  of,  L 16 
teeth,  L 387 

Plaeoganoidei,  characters  of,  L xxxviii,  12 
Plaginulax,  dentition  of,  iii.  790 
skull,  ii.  350 
teeth,  iii.  294.  314 
Plagiostomi.  characters  of,  L L S 
locomotion,  L 253,  255 
Plagiostomi,  characters  of,  L 8,  13 
skull,  L Z6 

Planirostra  {eyn.  Spatularia)  spatula,  ali- 
mentary can^  of,  L 410,  411,  415. 
416,  421 

g^lls,  L 482.  486 
skull,  L 15 

I Platalea,  dorsal  vertebrae  and  sternum  of, 

' ii.  23 

beak,  ii.  I4fi 
pelrie  limbs,  ii.  62 

Platan'sta,  limb-bones  of,  ii.  427.  428 
skull,  ii.  425 

Platax,  changes  accompanying  growth  of, 

L612 

teeth,  L 371 
vertebral  column,  L 39 
Platunw,  teguments  of,  l 554 
Platycephalus,  vertebral  column  of,  L 43 
Plutydactylus  guttatus,  larynx  of,  L 52i) 
liver,  L 449 

Platydsctylus  vitfatus,  larynx  of,  L 529 
Flatymantis  plicifera.  tegmnen’s  of,  L 5.52 
Platypeltis  ferox.alimeutary  canal  of,  L 4 IQ 
fecundation,  L.  615 

! Platyrhina,  characters  of,  ii.  291.  295 
alimentary  canal,  iii.  132 
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Platyrhina — continued. 
cranium,  ii. 

dorao-luml^r  vertcLr®,  ii.  516 
larjnx,  iii.  598 
mammur}'  glamis,  iii.  760 
oi^n  of  »mcll,  iii. 
urgans  of  grueration,  male,  iii,  fiLi 
f«*male,  iii.  703 
proaenccphaloD,  iii.  125 
tail,  prehensile,  iii.  U 
teeth,  iii.  315 

Plcctognathi,  characters  of,  L 11 
llcoetus  alimentarj'  canal  of,  iii.  129 
llcsiosaurus,  characters  of,  L 16 
organ  of  smell,  L 330 
p(«lvic  arch  and  limb,  L 131 
vertebral  column,  L 51,  52 
Plestiodon,  teguments  of,  L 552 
Plcthodon,  teguments  of,  L 652 
Ilfurodeles,  vertebral  column  of,  L 19 
Pleuroncctes,  characters  of,  L 19 
alimentary  canal,  L 121 
veins,  L 468 

Pleuroncctes  platessa,  myenccphalon  of,  L 
278 

ovulation,  L 596 

pyloric  appendages  and  jwncreas,  L 
431, 432 

vertebral  column,  L 16 
Pleuronectes  solea,  myenccphalon  of,  L 278 
teguments,  L 546 
vertebral  column,  L 15 
Pleuroneclidtp,  characters  of,  L 19 
njyelencephalon,  i 275 
organ  of  sight,  L 331.  334 
organs  of  g<  neration,  male,  L 599 
female,  L 574 

skull,  ll^U0,U2. 

Plcurosiernon,  vertebral  column  of,  L 61 
Pliolophus,  characters  of,  ii.  231 
geological  remains  of,  iii.  792 
teeth,  iii.  341,  343,  375,  377 
Pliosaurus,  characters  of,  L xxxviii,  16 
pecloml  limb,  L HI 
teeth,  L 387 
vertebral  column,  L 53 
PlocouM,  eggj  of,  ii.  257 
Plotiis,  characters  of,  ii.  9 
PlvctolophuB,  osseous  system  of,  ii.  68i  63 
Pi^argus,  oaseous  system  of,  ii.  23 

dorsal  vertebra  and  sternum,  ii. 
2H 

sacral  vertebra  and  tail,  ii.  31 
skull,  ii.  ^ 53 
pfdvic  limbs,  ii.  31 

Podiceps,  alimentary  canal  of,  ii.  174 
dornal  vertebne  and  stemum,  ii.  25 
heart,  ii.  188 
pelvic  limbs,  ii.  82 

sacral  vertebne,  |x*lvis,  and  tail,  ii.  31, 
3L36 
skull,  ii.  51 

‘'lonemys,  skull  of,  L 134 


E&I 

Poecilia,  teeth  of,  L 373 
Poison-fangs  of  st-rpents.  L 395 
Poison-gla^s  of  Reptiles.  L 5^ 
Polychrus,  longs  of.  L 525 
Pedynemus,  air-bUdder  of,  L 49^ 
myeleneephalon,  L 271 
organ  of  touch,  L 326 
Polype^tes,  alimentary  canal  oC,  i.  435 
absorbents.  L 4 58 
arteries,  L 516,  518 
development,  L 619-62 1,  629.  64<j> 
fecundation,  L 615 

female  organs  of  generation,  L 585 

gills,  L 513 

&dneys,  L 538 

larynx,  L 527 

lungs,  L 523 

mole  organs  of  generation,  L 579 
pancr«'as,  L 454 
reproducible  parts,  L 567 
semination,  L 592 
tegument.^,  L 552,  5.53 
veins,  L 592 

Polyplectron,  dorsal  vertebra  and  sterncs 
of,  ii.  22 

Poljrprion,  skull  of,  L 1Q8.  1 20 
Polyptcrus,  characters  of,  L xxvii. 
air-bladder,  L 491 . 494 
alimentary  canal,  L 417.  422 

blood,  L 500 

dermoskelctuD.  L 195-197 
gills,  L 480 
liver,  L 122 
locomotion,  L 247 
pectoral  limb,  L 167 
scapular  arch  and  appendages,  i. 
skull,  L 108.  m.  1J8,  120.  12.% 
156 

U^^ments,  L519 

vertebral  column,  L 37-39.  43,  4 4 
Polyptychodon,  characters  of,  i,  xxxnu 
teeth,  i,  387 

Pomaeentrus,  characters  of.  L 11 
Porcupine,  lower  jaw  of.  iii.  151 
organs  of  generation,  iii.  G5<» 
skull,  ii.  374 
spines,  iii.  622 
Porph^Tto,  skull  of.  ii.  57 
Porpoise,  arteries  of,  iii.  538 
bones,  ii.  418,  ft  *eq. 
nerves,  iii.  152.  163 
Potamugale,  teeth  of,  iit.  305 
PraffK’cs,  characters  of,  ii.  2 
development  of,  ii.  265 
Priodou,  teeth  of,  L 372.  377.  378  ; iii.  26C 
273 

Prionitidw,  characters  of,  it  11 
Prionodon,  teeth  of,  L 377.  378 
Prionotus,  air-bladder  of,  L 491 
Pristida,  characters  of.  L 13 
Prislij*omatiihe,  alimentary  canal  of. 

Pristi.**,  groaih,  aiui  nests  of,  L 61 1 
liver,  L 426.  427 
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PRI 

Pristis — continued. 

locomotiou,  i.  2.52 
organ  of  smell,  L 329 
skull,  L &1 

teelh.  L ^ ^ 383 
Proboscidia,  alimentary  canal  of,  iii«  455 
characters,  ii.  283 
organs  of  generation,  iii.  660 
male,  iii.  060 
female,  iii.  698 
osseous  system,  ii.  437 
skeleton,  ii.  437 

A.  vertebral  column,  ii.  437 

cervical,  ii.  437 
dorsal,  ii.  437 
lumbar,  ii.  438 
BOcrHl,  ii.  438 
caudal,  ii.  438 

B.  skull,  ii.  438 

vomer,  ii.  439 
frontal,  ii.  440 
nasals,  ii.  440 
premaxiUary,  ii.  440 
maxillary,  ii.  440 
jaws,  ii.  440 

C.  bones  of  the  limbs,  ii.  441 

scapula,  ii.  441 
humerus,  ii.  442 
radius,  ii.  442 
ulna,  ii.  442 
femur,  ii.  443 
tibia,  ii.  4 43 
fibula,  ii.  444 
fwtella,  ii.  444 
foot,  ii.  444 
teeth  of,  iii.  359 

Proboscis  of  elephant,  hi.  390  ^ 

Procellaria,  characters  of,  ii.  9 
alimentary  canal,  ii.  165 
orpin  of  smell,  ii.  131 
pelvis,  ii.  ^ 
sternum,  ii.  23 

ProcesUa,  characters  of,  u xxxviii,  17 
vertebral  column,  L 

Procyoo  lotur,limb-boucs  of.  ii.  501. 503. 608 
teeth,  iii.  334 
vertebral  column,  ii.  491 
Propithecus  diadema,  limb-lx>nes  of,  it.  542 
Proteus,  characters  of,  L xxxii 
arteries,  L 516 
mils,  L 514,  515 
heart,  L 506 

male  organs  of  generation,  L 576 
organ  of  hearing,  L 347 
organ  of  sight,  L 337 
organ  of  smell,  L 330 
pectoral  limb,  L 170 
pelvic  arch  and  limb,  L 181,  I£2 
thymus  body,  L 565 
Protopteri,  characters  of,  L 11 
organ  of  smell,  L 3341 
skull,  L 3^ 

vertebral  cfdumn,  L 13 


PTR 

Protoptenis  annectens,  characters  of,  L 
xxxii 

air-bladder,  i.  491.  408 

alimentary  canal,  L 413.  416,  417 

development,  L 313 

gills,  L 475.  477.  482.  485.  486 

heart,  L 474 

liver,  i.  131 

myclencephalon,  L 277,  282-285 
nerves,  iii.  133 
pelvic  arch  and  limb,  L 181 
scapular  arch,  L 162;  iii.  165 
skull,  L IM;  ii.  30;^  333 
vertebral  column,  L ili  12 
Protorosaunis,  teeth  of,  L 405 
Proventrieulus  of  Aves,  ii.  160 
Prycnodon,  teeth  of,  iii.  334 
Psammodus.  teeth  of,  L 378 
Psammopbis,  alimentary  canal  of,  L 446 
liver,  L 450 

Psammosaurufi  griscus,  arlories  of,  L 519 
oviposition,  i.  617 
thyroid  body.  L 565 
Psettus,  characters  of,  L xxxiii 
Pseudopus,  absorbents  of,  L 459 
lungs,  i.  525 
vertebral  column,  L 57 
Psittacidse,  characters  of,  ii.  12 
alimentary  canal,  ii.  LZ3 
external  sexual  characters,  ii.  258 
liver,  ii.  LZ2 
lower  larynx,  ii.  224 
nervous  system;  ii.  119 
osseous  system,  ii.  55^  7^ 

PsittacuB,  lower  larynx  of,  ii.  224 
' osseous  system,  ii.  ^ ^ 31 
Psophia,  osseous  system  of,  ii.  ^ 32. 

61 

Pterichthys,  characters  of,  L 12 
dcrmoskeleton,  L 192 

! Plerocles,  dorsal  vertebrse  and  pelvis  of, 

ii.  22 

generative  system,  ii.  256 
Pterodactylus,  characters  of,  L xxxviii,  13 
locomotion,  L 265 
pectoral  limb,  L 176,  177 
skull,  L 158.  161 
teeth,  L 41)5,  406 
vertebral  column,  L 73 
I Pterodon,  teeth  of,  iii.  338 
j Ptcromys  volucella,  characters  of,  ii.  276 
derm,  iii.  612 
limb*bones,  ii.  384 
organ  of  hearing,  iii.  231 
organ  of  sight.,  iii.  217 
Pteropus,  characters  of,  ii.  278,  296 
development,  iii.  730 
larynx,  iii.  586 
limb-bones,  ii.  393 
lungs,  iii.  577 
mammary  glands,  iii.  776 
organ  of  hearing,  iii.  229 
organs  of  generation,  male,  iii.  657 
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'PteropViB— continued. 

oi*gans  of  genemtion,  iii.  689 

organs  of  taste,  iii. 
organs  of  touch,  iii.  I9ii 
pancreas,  iii.  484 
skull,  ii.  388 
spleen,  iii.  .*>62 
teeth,  iii.  Jill 
vertebral  column,  ii.  387 
PlcrosHuria,  characters  of,  L xxxviii,  6^  Ifi 
pectoral  limb,  L 115 
skull,  L 161 
vertebral  column,  L 70 
Ptilonorhynchus,  nest  of,  ii.  258 
Piychognatus,  teeth  of,  L 4QQ 
Ptychemya  niposa,  lungs  of,  L 526 
Ptyudactylus  Ombriatus,  lungs  of,  L 525 
Putorius,  bones  of  the  limbs  of,  ii.  509 
p^o^cncephalon,  iii.  116,  120 
skull,  ii.  501 
t«^th,  iii.  333 

Putorius  ermineus.  organ  of  sight  of,  ii.  143 
vertebral  column,  ii.  491 
Putorius  furo,  development  of,  iii.  744 
Pycnodontidfe,  characters  of,  L 12 
teeth,  L 378 

Pycnodus,  characters  of,  L 12 
Pygopus  lepidopus,  teguments  of,  L 557 
PyrgitA.  generative  system  of,  ii.  243,  215 
P\*rrhulu.  eggs  of,  ii.  267 
skull,  ii  422 

Python,  absorbents  of,  L 4 .>9 
arteries,  i*  520 
liver,  L 451 

myelencephalon,  L 292 
myology,  L 225 
skull,  L 148 
teguments,  L 554 
vertebral  column,  L fill 
Python  amothystinus,  teguments  of,  L 558 
thymus  body,  L 565 
Python  bivittatus,  oviposition  in,  L 617 
I^hon  Sohlegellii,  tc^ments  of,  L 555 
Python  tigris,  arteries  of,  L 519 
kidneys,  L 539 
lungs,  L 524 
muscles,  L 224,  228 
nerves,  L 316 
organ  of  sight.  L 338 
pancreas,  L 453 
skull.  L 111 

teeth,  L,  394 
teguments,  L 554 
thymus  IhxIv,  L 565 
Vertebral  column,  L ^ 


QUADKUMAN.A,  atlrenals  of,  iii.  570 
alimentary  canal,  iii.  429 
characters,  ii.  290 


RAl 

Quad  rumana  — con  fin  wd. 
locomotion,  iii.  70 
mouth,  iii.  395 
muscles,  iii.  52 
nerves,  iii.  1.54,  162 
organ  of  sight,  iii.  2.~>2 
organ  of  smell,  iii. 
organs  of  generation,  iii.  672 
male,  iii.  672 
female,  iiL  701 
osseous  system,  ii.  51 1 
skeleton,  ii.  511 

A.  vertebral  colnmn,  ii.  51* 

dorsal,  ii.  612— o25 
lumbar,  ii.  612—526 
sacral,  ii.  6 1 2 ~o25 
cenrical,  ii.  62  2-625 

B.  skull,  ii.  62.^ 

bones  of  the,  ii. 

C.  bones  of  the  liraba,  ii.  55" 

scapula,  ii.  639—655 
clavicle,  ii.  539-553 
humerus,  ii. 
radius,  ii.  .5.39~5,S3 
wrist-bones,  it,  .539-563 
ilium,  ii.  640-663 
ischia,  ii.  640-663 
pubic  liones,  ii. 
femur,  ti.  640-553 
tibia,  ii.  640-563 
fibula,  ii.  641  -.5.53 
tarsal,  ii.  641-663 
respiratory  system,  iii.  582 
saH^mry  system,  iii.  4(>5 
sympathetic  system,  iii.  1 81 
teeth,  iii.  313 
tongue,  iii. 

urinary  system,  iii.  608 
veins,  iii.  555 


T)ABBIT,  alimenta^  canal  of,  iii  42.3 

IV  generation  of.  iii.  724 
locomotion,  iii.  fill 
ovum,  L Z 

stages  of  development,  i.  ^ 
genus.  L 3 

Bachiodon.  See  IVinxlon. 

Haooon,  bones  of,  ii. 

Kaia  batis, 

heart,  L 474 
muscles,  L 201 
myelencephalon.  L 271 


nerves,  i 299.  302 
ovulation,  L 598 
skull,  L 80 

sym|>Hthetic  nervous  .system,  L 319 
teguments,  L 549 
thyr*>id  body,  L 564 
Ilaia  clavata,  myelencephalon  of,  L 271 
vertebral  column,  u 36 
Baia  moculuta,  female  organs  of  geocratiou 
of,  L ^ 
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BA  I 

^iia  oxrrhynchus.  Bemination  of,  L 590 
i.aud&,  chanct4^^H  of,  L LI 
locomotion  of,  ii.  LL3 
tLaznphor)’tichaB,  characters  of,  L IS 
r»*rtcbral  colnmn,  L 20 
UiiDa  boans,  rertebral  column  of,  L 19 
Ra.na  catesbiana,  alimentary'  canal  of,  L 

liver,  i 450 
pancreaa,  L 454 

Rana  esculenta,  development  of,  L 622 
Tertebial  column,  L 42 
Kana  temporaria,  characters  qf,  L LA 
alimentary  canal,  L 435 
nerves,  L 316 
or^n  of  sight,  L 337 
prlvic  arch  and  limb,  L 183 
skull,  L ^ ^ 175 
sympothetic  nervous  syst<*m,  L 319 
teeth,  L 392 
vertebral  column,  L 49 
Raniceps  trifurcatus,  pelvic  arch  and  limb 
of,  L LfiO 

Kanina,  characters  of,  L,  LA 
Kaptores,  characters  of,  iL  1 1 
pelvis,  ii.  22 
sternum,  ii.  27 

Kasores,  characters  of  the  order,  L Lfi 
Rat.  51re  Mus 

liatelus  mellivorus,  female  organs  of  gene- 
ration of,  iii.  70Q 
limb-bones,  ii.  509 
skull,  ii.  501 

Rattlesnake,  muscles  of  the,  L 227 
Rijs.  absence  of  air  bladder  in,  L 2AA 
Kccurvi rostra,  skull  of,  ii.  Ai 
R^'geniii  oeellata,  lungs  of,  L 525 
Kotndeer,  bones  of,  ii.  464,  478 
stomach,  iii.  472 
Repent ia,  characters  of,  L U 
Lieprolucihle  parts  in  Usmatocryu,  L 566 
lUtracbU,  L 566 
Keptilia,  L 567 
Fishes,  L 567 

Reptilia,  altsorheuts,  L 458 
lacte;il.s,  L 458 
lymphatics,  L 459 
alimentary  canal.  L 433 

abdominal  cavity,  L 433 
mouth,  L 434 
tongue.  L 435 
8i\Iivary  apparatus,  L 439 
(Tsophagus,  i.  440 
stomach,  L 440 
intestinal  canal,  L 442 
forms,  L 443 
muscular  tissue,  L 444 
mucous  membraue,  L 414 
spinU  valve.  L 446 
cloacal  orifice,  L 448 
liver,  L 448 
gall-i>ladder,  i,  451 
pancreas,  L 453 


RBE 

Beptilia — cantimufti. 
arteries,  L 516 

I distribution  of  arterial  blood,  i.  520 

blood,  L 500 

I di-scs,  L AW),  501 

quantity,  L 501 
colour,  L Aiil 

> developmental  characters,  L A 

I fecundation,  L 614 

' oviposition,  L 616 

I development  of  Batrachia,  L 619 

I of  scaled  Keptiles,  L 630 

1 goncratiro  system,  L 579 

j male,  L 583 

I female,  L 585 

* ovulation  in  sealed  reptiles,  L 

597,  599 

gills  of  Batrachia,  L 512 
hearing,  organs  of,  L 347 
hcsiit,  L 505 

• kidneys,  L 537 

I larynx,  i.  527 

locomotion,  L 259 

in  limbed  reptiles,  l 262 
I lungs,  L 521.  530 

muscular  system,  L 215 
I nerves,  i.  309 

' nervous  system,  L 290 

myelencephalon,  L 290 
osseous  system : pro[K>rtioo  of  hard  and 
. soft  matter,  L 2U 

I dennoskeletoD,  L 198 

pectoral  limb,  L 169 
I pelvic  arch  and  limb,  L LAI 

poison-glands,  L 563 
reproduction  of  parts,  L 567 
respiratory  system,  L 516,  521 
actions,  L 530 
scent-glands,  L 562 
sight,  organs  of.  L 337 
smell,  organs  of,  L 330 
teeth,  L 385 
teguments,  L 550 
skin,  L 550 

I mucous  follicles,  L 552 

I periodical  shedding  of  the  ept- 

dt-rm,  u 553 

thymus  bo<ly  or  gland,  L 565 
thyroid  body  or  gland,  L 564 
touch,  organs  of,  L 327 
vein.s,  i.  ool 

Rhamphastos,  fauces  and  tongue  of,  ii.  130, 
151 

liver,  ii.  151 

organ  of  smell,  ii.  130,  131 
osseous  system,  ii.  28 
Rhamphastid;e,  clutracters  of,  ii.  LI 
alimentaiy  canal,  ii.  173 
ossi-ous  system,  ii.  67 
Rhea,  alimentary  canal  of,  ii.  lAl 
I ^nerative  system,  ii.  257 
j osseous  system,  ii.  1^  35,  ^ 52, 

54.  64.  66.  311 
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Rhinelepis,  air*b1addor  of,  L 493 
Rhinobatca,  heart  of,  L 474 
pectoral  limb,  L 169 
vertebral  column,  L 36 
Hhinobatidae,  characters  of,  L 13 
Rhinoceros,  characters  of,  ii.  2 S3 
habitat  of  the,  iii.  704 
muscles,  ii.  iS 

Rhinoceros  indicua,  characters  of  skeleton 
of,  ii.  284.  285 
brain,  size  of,  iii.  113 
cerebellum,  iii.  OQ 
female  oi^ns  of  genemtion,  iii.  693 
glands  opening  on  the  feet,  iii.  638 
heart,  iii.  522 
horns,  iii.  624 
limb>bones,  ii.  465 
lungs,  iii.  580 
organ  of  sight,  iii.  260 
orgiin  of  hearing,  iii.  2.33 
peculiar  glands,  iii.  G38 
peritoneum,  iii.  503 
prosencephalon,  iii.  120-122 
skull,  ii.  450 

teeth,  iii.  34(h  ^ 35^  377 
tongue,  iii.  195 

Rhinoceros  Ketloa,  boms  of,  iii.  621 
Rhinoceros  leptorhinus,  alimentary  canal 
of,  iii.  156 

Rhinoceros  minutus,  horns  of,  iii.  624 
Rhinoceros  Orwellii,  horns  of,  iii.  624 
Rhinoceros  sondaicus,  horns  of,  iii.  624 
Rliinueeros  sumatranus,  female  organs  of 
generation  of,  iii.  684 

Rhinoceros  tichicomis,  alimentary  canal  of, 
iii.  450 
hair,  iii.  618 

Rhinolophus,  alimentary  cinal  of,  iii.  429 
derm,  iii.  613 
organ  of  smell,  iii.  209 
organ  of  touch,  iii.  189,  190 
skull,  ii.  388 
spleen,  iii.  562 

Rhinnphis,  organ  of  hearing  of,  L 348 
Rhinophrynus,  alimentary  canal  of,  L 436 
Rhinopomn,  alimentary  canal  of,  iii.  429 
derm,  iii.  613 
mouth,  iii.  387 
Rhinontiira,  skull  of,  u 82 
Rhizouus  (probably  a Oauocepbule),  teeth 


of,  L 378 

Rliumbopholis,  characters  of,  L 15 
Rhombus  maximus,  liver  of,  L 427 
myelenct-phalon.  L 278 
pyloric  appendage  and  pancreas,  L 430 
vertebral  column,  L 12 
Rhombus  xanthurus,  alimentary  caiml  of, 
i.415 

Rhynchocephalus  {fyn.  Hatteria),  skull  of, 


L 154.  158 
leetli,  L 388 
vertebml  column,  L 57 
\m  australi«.  it.  220 


RUM 

Rhynchosaurus,  teeth  of,  L 3S5.  400 
Rhynchotus,  skull  of,  ii.  55 
Rhyncocyon,alimentary  canal  of,  iii.  4.27.*^* 
mesencephalon,  iii.  28 
mouth,  iii.  384 
nerves,  iii.  151 

organs  of  generation,  male.  iiL  ^ST 
female,  iii.  CiS 
proseneepbaloD,  iii.  109 
skull,  ii.  390 
spleen,  iii.  560 
teeth,  iii.  306 

Rliyncops,  characters  of,  ii.  2 
beak,  ii.  M2 
skull,  ii.  57 

Rhytina,  female  organs  of  generatioo  oi 
iii.  622 
heart,  iii.  521 
organ  of  sight,  iii.  250 
organ  of  taste,  iii.  194 
skull,  ii.  433 
urinary  system,  iiL  107 
vertebral  column,  ii.  430.  4 32 
Rbyzsena  tetradactyla,  alimaatary  canal  of. 
iii.  444 

limb-bones,  ii.  510 
male  organs  of  generation,  iii.  670 
Rodentia,  alimentary  canal  of,  iii.  4 20 
characters,  ii.  276 
liver,  iii.  484 
locomotion,  iii.  68 
muscles,  iii.  16 
pancreas,  iii.  493 
organs  of  generation,  iii.  649 
male,  iii.  649 
female,  iii.  687 
organ  of  hearing,  iii.  231 
organ  of  smell,  iii.  209 
osseous  system,  ii.  364 
skeleton,  ii.  364 

A.  vertebral  column,  ii.  364 

cervical,  it.  364 
durso-lumbar,  ii.  364 
sacTul,  ii.  36.> 
caudal,  ii.  365 

B.  skull,  ii.  361 

in  various  specie*,  ii.  36? 

C.  bones  of  the  limW,  ii.  37s 

in  various  *p«vi«s,  il 
378-384 

respiratory  system,  iii.  577 
saltvary  glands,  iii.  398 
teeth,  iii.  294 

tegumentary  system,  iii.  6o9 
tongue,  iii.  191.  193 
Rostral  lK>nes  in  3iarsupialia,  ii.  344 
Sus,  ii.  468 

Rumimintia,  alimentary  canal,  iii.  470 
arteries,  iii.  547 
development,  iii.  737 
heart,  lii.  522 
horns,  iii.  624 
luoutli,  iii.  302 
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miM 

Kominantis— ued. 
nc*n*08,  iii. 

organs  of  generation,  iii.  667 
organ  of  hearing,  iii.  23a 
org;m  of  sight,  lii.  261.  262 
organ  of  Bmell,  iii.  214 
peculiar  glamU,  iii.  622 
spleen,  iii.  661 
teeth,  iii.  349.  350 
thyroid,  iiL  565 
tongue,  iii.  196 
urinary  system,  iii.  607 
Kumination  of  Kangaroo,  iii.  415 


SACCOBRANCHUS,  gills  of.  L iflfi 
Saccoluimus,  mouth  of,  iii.  387 
Saccomys,  mouth  of.  iii.  386 
Siiocoptrryx,  derm  of,  iii.  61 3 

glandular  cutaneous  sac  of,  iii.  638 
Saccostomus,  mouth  of,  iii.  386 
Salamandra  atm,  absorbents  of,  L 468,  462 
arteries,  L 516 
gills,  L 515 
heart,  L 506,  fi07 
lungs,  L 621 
xmuclcs,  L 216-218 
or^an  of  sight,  L 337 
veins,  L 502 
verU*bral  column,  L 49 
Salamandra  glutinosa,  teeth  of,  L 386 
Salamandra  jajx>nica  {tyn,  nnguiculata), 
fecundutiou  of,  L 615 
teguments,  L 661 

Salamandm  maculosa,  characters  of,  L 16 
fecumlntion,  L 614 

female  organs  of  generation,  L 684.686 
lungN,  h 62 1 
mu.s(*les,  b 215,  222 
pelvic  arch  and  limb,  L 182 
tirguments,  L 652 
vertebral  column,  L 49 
Solamaudridse,  characters  of,  L L6 
pelvic  arch  and  limb,  182 
Salamandroidei,  characters  of,  L 12 
skull,  L 1 1 1 

Halariaa,  ft'candution  of,  L 599 
8alivs,  analysis  of,  iii.  409 

alimentary  canal  of,  L 421 
gills,  L 481 
nerves,  L 297,  306 
osseous  system,  L 38 

vertebral  column,  L 38.  44 
pelvic  arch  and  limb,  L 179 
ovulation,  L 692,  595 
l^ancreas,  L 432 
teguments,  L 647 
veins,  L 468 

Sulmo  eriox,  poctoral  limb  of.  L 166 
pelvic  aivh  and  limb,  L 180 
vertebral  column,  L 44 
Salroo  fario,  nest  of,  L 614 

pelvic  arch  and  limb,  L 119 


8CL 

Salmo  solar,  growth  and  migrations  of,  L 
612,  613 
liver,  L 429 
organ  of  sight,  L 333 
pelvic  arch  and  limb,  L LI9 
Salmon,  development  ami  growth  of,  L 612 
Salmonidffi,  characters  of,  L 16 
locomotion,  L 254 
osseous  system,  L 32 

vertebral  column,  L 32 
skull,  L 114 

ptdvic  arch  and  limb,  L 180 
teeth,  i.  372 

Sarcoramphns,  lower  larynx  of,  ii.  221 
osseous  system,  ii.  81 
Sargus,  alimentary  canal  of,  L 417 
development  of  bones,  L 21 
myelencephalon.  L 283 
I teeth,  L 37L  38^  390 
I Sartorius  muscle  in  Ares.  ii.  162 
‘ Sauropter)'gia,  characters  of,  L xxxviii,  18 
I teeth  of.  u 388 

I vertebral  column,  L 61 

Saurus,  characters  of,  L 16 
I Savian  corpuscles,  L 324 
j Scales  of  Aves,  ii.  232 
j Fishes,  546-519 

calcification,  L 549 
* Mammalia,  Hi.  622 

I Scalops,  teeth  of,  iii.  303,  304 
\ Scansores,  characters  of,  ii.  U 
I pelvis,  ii.  32 

sternum,  ii.  28 

Soarus,  pectoral  limb  of,  L 166 
' teeth,  L 369-372.  377.  378,  382 

vertebral  column,  L 34 

; Scelidosaurus,  characters  of.  L 18.  19 
Scent-glands  of  Mammalia,  iii.  637 
I Reptiles.  L 562 

I Scieens,  alimenUiry  canal  of,  L 421 
' air-bladder,  L 492 

I liver,  L 427 
I Sci®nid?e,  oliaractcrs  of,  L U 

: Scincida?,  dermoskelctoii  of,  L 198 

‘ pectoral  limb,  L 175 

1 teeth,  u 388 

I Scincus  ofiBcinalis,  te<Hh  of,  L 401 
Sciuridte,  limb-bones  of,  ii,  383 
j female  organs  of  generation,  iii.  686 

I Sciurus  einereus,  alimentary  canal  of,  iii. 
i 421 

limb-bones,  ii.  383 

Sciurus  maximus,  limb-bones  of,  ii.  383 
liver,  iii.  485 

Sciurus  palmarum,  mammary  glands  of,  iii. 

m 

Sciurus  vulgaris,  alimentary  canal  of,  iii. 

421,  424 

organs  of  generation,  male,  iii.  649 
Sclorodermi,  characters  of,  L 11 
Sclerogcnidre,  characters  of,  L 11. 
pectoral  limb,  L 196 
skull,  I 123 
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ScoliudoD,  alimentary  canal  of,  L 422 
lungn,  L 

Scolopsx,  dorrtal  vertebrae  and  sternum  of, 
ii.  ^ 

aacral  rectebne,  pelvis,  and  tail,  ii.  22 
skull,  ii.  iLl 
pelvic  limlM,  ii.  82 

Scomber  soumbms,  adrenals  of,  L 542 
alimentary  camil,  L 418.  421 
myology,  l 204 
nen'os,  L 297.  308 

Scomber  trachinus,  myelencephalon,  L 283 
ScomlnTesox,  characters  of,  L 10 
Scomlwrida*,  characters  of,  L 11 
locomotion,  L 254 
Soopelidte,  characters  of,  L 10 
Scops,  osseous  system  of,  ii.  22 
Scorpiena,  gills  of,  L 480 

pyloric  appendages  and  pancreas,  L 
430 

Scorpiena  scrofa,  heart  of,  L 473 
8cylliida^,  characters  of,  L li 
alimentary  canal  of,  L 42.3 
Scyllium,  development  of,  L 609,  610 
female  oi^ns  of  generation,  L 575 
heart,  L 474 
organ  of  touch,  L 325 
semination,  L 590 
vertebral  column,  L 33,  25 
Scyllium  canicnla,  developmeut  of,  L 610 
fecumbition,  L 598 
Scymniidffi,  characters  of,  i 13 
So^mnus,  heart  of,  L 474 
vertebral  column,  L 25 
teeth,  L 373 

Scymnuj*  liebia,  skull  of,  L 18 
Scymnus  nicseensis,  semination  of,  L 590 
Sea-lion,  bones  of,  ii.  497 
Seal,  alimentary  canal  of,  iii.  445 
bones,  ii.  488.  494 
salivary  gland,  iii.  404 
Sebastes,  gills  of,  L 480 
liver,  L 427 

Solache  maxima,  alimentary  canal  of,  L 415. 
417.  422 
growth,  L OH 
kidneys,  L 534 
liver,  L 426 

male  organs  of  generation,  L 570 
myelencephalon,  L 273 
organ  of  sight,  L 334 
vertebral  column,  L 22 
Selachii,  chanicters  of,  L 12 
tSi«miophoru8,  teguments  of,  L 556 
Somnupitbecus  entollus,  alimentary  canal 
of,  iii.  4^  4ifi 
osseous  system,  il.  619,  533 
Semnopithecus  fascicularis,  alimentary 
cnnal,  iii.  433,  446 

Semnopithecus  mclalopbis,  osseous  system 
of,  ii.  519 

Sops,  teeth  of,  L iHl 
Serpents.  Se  Ophidia 


81B 

Shark,  cerebellum  of,  L 287 
locomotion,  i.  245 
pectoral  fins  of,  L 257 
skeleton,  L 24.5 

Sheen,  alimentaiy'  canal  of,  iii.  471 
lx)nes,  ii.  46*2.  474 
organ  of  smell,  iii.  21-4 
Shrews,  teeth  of,  iii.  301 
Siamang,  bones  of,  ii.  520.  rt 
skeleton  uf,  ii.  291 
Sieboldia,  male  organs  of 
L576.  577 

Sillago,  air-bladder  of,  L.  491 
Siloridse,  alimentaryr  canal  of,  L 4 .21 
di-rmoekelctoQ,  L 1 93 

liver,  L 425 
locomotion,  L 268 
nerves,  L 299 
organ  of  touch,  L 325 
osseous  dermal  plat^  of^  L 2ii 
Silurus,  organ  of  sight,  L 3.5.5 
pectoi^  limb,  L 166,  167 
teeth,  i,  371 

Silurus  gianis,  absorbents  of,  i.  457 
arteries,  L 489 
teeth,  L 259 
veins,  L 468 
Siredon.  See  Axolotes 
Siren,  blood-discs  of,  L 4 
characters  of,  L 5 
adrenals,  L 543 

female  organs  of  generation,  i. 

gills,  L 514.  515 

heart,  L 506 

kidneys,  L 537 

larynx,  L 527 

liver,  L 448,  451 

pelvic  arch  and  limb,  L 179 

teeth,  L 391 

teguments,  L 552 

thymus  body,  L 565 

vertebral  column,  L 47 

veins,  L 501 

Sirenia,  alimentar}'  canal,  iiL  4.54 
characters,  ii.  281 
heart,  iii.  521 
liver,  iii.  478 
nervous  system,  iii.  75 
organs  of  generation,  iii.  66Q 
hearing,  iii.  226 
sight,  iii.  259 
smell,  iii.  210 
respiratory  system,  iii.  579 
teeth,  iii.  283 
tongue,  iii.  19t 
osseous  system,  ii.  429 
skeleton,  ii.  429 

A-  vertebrate  column,  ii,  4)iS 
cervicals,  il  430-432 
dorsal,  ii.  430-432 
lumlxxandal,  ii.  HU 
sacral,  il  430»432 
B.  skull,  ii.  421 
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Sirenia — skeleton — confinued.  I 

rostral,  ii.  4H3 
muxillAi7,  ii.  434  ! 

mundiUe,  ii.  434  | 

C.  buoes  of  the  limbs,  ii.  435  | 
senpula,  ii.  435 
humerus,  ii.  436 
nuliuH,  ii.  436  , 

ulna,  ii.  436  j 

carpnls,  ii.  | 

Sitta,  characters  of,  ii.  Ill  j 

Sivutberium,  horns  of,  iii.  625  j 

skulk  ii.  413  I 

Skate,  blood-Klipcs  of,  L 4 ‘ 

Skeleton,  archetype,  L 2fl  i 

Sloth,  alimentary  canal  of,  iii.  45Q  ! 

three-toed,  lx>ne8  of,  ii.  399.  405  . 

Smaris,  air-bladder  of,  L 4^  I 

Solenodon,  alimonUiry  ean.al  of,  iii.  427, 428  | 
ox^an  of  hearing,  iii.  229  i 

teeth,  iii,  304,  3115 
Soleotalpa,  characters  of,  b xxxiii 
Sorcidtt,  characters  of.  ii.  277.  2915 

alimentary  canal,  iii.  427  1 

musky  glands,  iii.  634  > 

teeth,  iii.  305,  313  ^ 

Sorex  araneiLs,  organ  of  hearing  of.  iii.  229 
•Spalacolherinm,  teeth  of,  iii.  302.  303,  790 
Spalax  typhlus,  mouth  of.  iii.  386 
organ  of  sight,  iii.  246 
skull,  iii.  37G 

Sparid.’t,  characters  of,  L U 
alimontarv  canal  of,  L 421 
Spams  (Epilmlus)  insidiat or, locomotion  of, 

L2M 

skull,  L 119,  122 
Spatularia.  Ste  Planirostm. 

Spermophilus,  mouth  of.  iii.  386 
Sphagebranchus,  ^ills  of,  L 478 
Sphargis,  oviposition  of,  L 618 
teguments,  L 557.  559-561 
Tertebral  column,  L 6L  62 
Species,  definition  of,  iii.  792 

extinction  of,  u xxxiv ; iit.  797 
origin  of,  L xxxiii;  iii.  793  I 

succession  of,  iii.  789 
Spheniscus,  eggs  ot  ii.  256 
SpbcDosaurus,  rertebral  column  of,  L 33  i 
Spbyrvna,  alimentary  canal  of,  L 426 

air-bladder,  L iii  ' 

teeth,  L 37^  ^ 3IL  318,  332  : 

SphTnenid»,  choracten*  of,  l 11  1 

Spider-monkey,  bones  of,  ii.  516,  ft  sey. 
Spinachorhinus,  Tertebral  column  of,  l 39  | 

Spinacidie,  characters  of,  b 12 
alimentary  canal  of,  L 423 
Spioax,  alimentary  canal  of,  b 413.  123 
development,  b 610 
male  or^ns  of  geucration,  b 570 
semination,  b 590 

Spinax  acanthius,  alimentary  canal  of,  L 115 
female  organs  of  generation,  b 573 
pecloml  limb,  L lliS 


Spermaceti,  where  lodged  in  the  skull,  ii. 
421 

Sperm-cells  of  Fishes,  b 589 
Spurn  of  Birds,  ii.  14 
8c{ualodon.  Ste  Zeuglodon 
Squamipinnes,  characters  of,  L 11 
Squatina,  heart  of,  b 474 
skull,  b 76-78.  81.  82 
vertebral  column,  b 33.  36 
Squat  in ida>,  characters  of,  L 15 
Squirrel,  alimenUry  canal  of,  iii.  421 
caecum,  iii.  424 

Squirrel,  climbing,  bones  of,  ii.  383 
Squirrel,  flying,  bones  of,  ii.  384 
Stellio,  alimentary  canal  of,  b 445 
larynx,  L 529 

Stenops  gracilis,  larynx  of,  iii.  597 

organs  of  generation,  male,  iii.  672 
osseous  system,  ii.  512,  542 
teeth,  iii.  314 

Stenops  javanicus,  ciccum  of,  iii.  431 
Stenops  tardigradus  (Loris,  ft/n.),  arteri<s 
of,  iii.  545 
caecum,  iii.  431 

organs  of  generation,  female,  iii.  701. 
702 

salirary  glands,  iii.  405 
tongue,  iii.  195 

Stcnorhvnchus  leptonyx,  vertebral  column 
of,  495 

Stenurhynchus  serridens,  teeth  of,  iii.  336, 
337.  369 

vertebral  column,  ii.  489,  495 
Sterna,  characters  of,  ii.  9. 

scapular  arch  and  limbs,  ii.  ^ 
Storrink,  bones  of,  ii.  495 
Stoat,  bones  of,  ii.  501 
Strepsirhiua.  Ser  Lemuridw 
Slreptospondylus,  charactera  of,  b LI 
development  of  vertebra*,  b 34 
vertebral  column,  b 99 
Strigidie.  air-cells  of,  ii.  214 
alimentary  canal,  ii.  171 
kidneys,  ii.  227 
organ  of  hearing,  ii.  134 
oi^an  of  sight,  ii.  139-1 11.  143 
osseous  system,  ii.  27,  49 
Strigo{>s,  osseous  system  of,  ii.  29 

dorsal  vertebrm  and  sternum,  ii.  29 
skull,  ii.  69 

Strix  praticola,  osseous  sj-stem  of,  ii.  28 
Stromateus,  characters  of.  L xxxii 
Stromateus  fiatola,  alimentarycanalof,L41il 
changes  with  groalh,  b 61 2 
Strulhio.  characters  of,  ii.  6.  12.  13 
adrenals,  ii.  229 
air-cells,  ii.  214.  215 
air-passages,  ii.  219 
alimentaiy  canal,  ii.  158,  161,  167. 

169.  170.  171.  173 
blood,  ii.  184 

generative  system,  ii.  242.  245.  261. 
256,  257 
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Struthio — cmtinued. 
heart,  ii. 
liver,  ii.  HI 

muRclcs,  ii.96.  08.  101.  102.  103.  104. 

m 

organ  of  sight,  ii.  139,  140 
osseous  system,  ii.  1^  21*  2^  2^ 
^ 35,43-51,  ^ 54. 64.  7^  ^ 

^ as 

tegumeotary  system,  ii.  235 
veins,  ii.  206 

Strix  flammea.  characters  of,  L 25 
alimentary  canal,  ii.  171 
osseous  system,  ii.  2B 
tegumentary  system,  ii.  232 
Sturgeon,  dermal  bony  plates  of,  L 210 
locomotion,  L 252 
velocity  of,  L 255 
Sturionida;,  characters  of,  L 12 
gills,  L m, 

locomotion,  L 246 
vertebral  column,  L 4.1 
Sturnus,  characters  of,  ii.  Lfi 
eggM.  ii.  261 

Subursidae,  limb>bones  of,  ii.  509 
urinary  system,  iii.  608 
Snbursus  omatus,  limb-bones  of,  ii.  508 
Subursus  thibotanus,  orguus  of  taste  of,  iii. 

191  . , . 

Sudis  (syn.  Anipaims)  gigns,  locomotion  of, 

L 247 

organ  of  hearing,  L 372 
skull,  L 118,  120,  123 
vertebral  column,  L 11 
Suids,  lungs  of,  iii.  683 
organ  of  taste,  iii.  203 
prosoDCGphaloD,  iii.  122 
skull,  ii.  469 

SuIa,  alimentary  canal  of,  ii.  157.  161 
scapular  arch  and  limbs,  ii.  H 
skull,  ii.  51 
sternum,  ii.  23 
tongue,  ii.  130 

Supm-spinatus  muscle  in  Aves,  ii.  25 
Surnia  ulula,  scapular  arch  and  limbs  of, 

ii.  ^ 

Sus  babyroussa,  spU‘en  of,  iii.  531 
Sus  laiTalus,  skull  of,  ii.  469,  470 
Sus  scrofu,  characters  of,  ii.  236 
alimentary  canal,  iii.  135 
arteries,  iii.  547 
limb-bones,  ii.  480.  481 
liver,  iii.  479 
mouth,  iii.  391,  392 
nerves,  iii.  172,  174 
organ  of  bearing,  iii.  232 
oigan  of  sight,  iii.  213 
organ  of  smell,  iii.  213 
organ  of  taste,  iii.  125 
priiscncephalon,  iii.  123 
salivurv  glands,  iii.  403 
hkull.  i'i.  467.  409 
sympathetic  system,  iii.  131 


\ 


TAP 

Sus  scrofa — ronfinusd, 
j teeth,  iii.  34^  34^  344.  34A 

1 tusks,  iii.  344 

I vertebral  column,  ii.  4.^8 

I Sweat-glands,  iii.  613 
Swimming,  iii.  65 

' Sword-3sh,  locomotion  ot  L 25.S 
Sympathetic,  or  ganglionic  L 

Svnapfura,  characters  of,  L xxxiii. 
Synbranchids,  characters  of,  L IQ, 

I Synbranchuff,  gills  of,  L 478.  482.  488 
i skull,  L 23 

I Syngnathidae,  characters  of,  L 2_2 
1 Syngnathus,  alimentary  canal  of,  L 421 
I dermoskeletoD,  L 195 

I male  organs  of  generation  of.  L 569. 

I m 

> vertebral  column,  L 39 

j Syngnathus  acus,  fecundation  of,  L fell 
I Syngnathus  aphiodon,  fecundation  of,  L 61 4 
f Syn^ontis^  organ  of  sight  of,  L 335 
\ skull,  u 108 

Symium,  blood  of,  ii.  184 
I liver,  ii.  175 

Syrrhaptes,  osseous  system  of,  ii.  2^ 


TACH^*DR031US,  locomotion  of,  L 
teeth,  L 131 

I pelvic  limbs,  ii.  22 
j Taebj-petes,  characters  of.  li,  fi. 

' osseous  system,  ii.  21^  23.  34  S3.  C 
6^  70-72.  15 

Tienioidei,  characters  of,  L 11 
Tahitian,  skull  of,  ii.  566 
Talpa  cseca,  organ  of  sight  wranting  m ii. 
243 

Talpa  curopea,  chsractcrs  of,  ii.  297 
adrenals,  iii.  57o 
alinicntary  canal,  iii.  428 
development,  iii.  729 
hair,  iii.  620 
hearty  iii.  523 
lungs,  iii.  577 
mammary  glands,  iii.  776 
mesenoepbalon,  iii.  98 
muscles,  iii.  H 
ner^’es,  iii.  1 4 7.  152 
organs  of  generation,  male,  iii.  6.V6 

female,  iii.  ^ 

organ  of  sight,  absent  in,  iii.  24fi 
skull,  ii.  389.  390 
spleen,  iii.  533 
teeth,  iii.  3^  30^  30i.  332 
vertebral  column,  ii.  386 
Talpidse,  charartors  of,  ii.  296 
me.sencejihalon.  iii.  33 
nerves,  lii.  152 
tetih,  iii.  304.  310 
Tantalus,  skull  of.  ii.  51 
Tanystopheus,  vertebral  column  of.  y,  ^ 

I Tnpini!*,  charucters  of,  ii.  283.  285.  296 
arteries,  iii.  534 
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Tapini!>  americnnus,  alimentary  canal  of, 
iii.  4Mi  ->6f 
development,  iii.  736 
heart,  lii.  6*22 
habitat,  iii.  794 
larynx,  iii.  693 
lungs,  iii. 
liml>«bones,  ii.  465 
muutb,  iii.  391 

organs  of  generation,  male,  iii.  664 
female,  iii.  694 

oigan  of  hearing,  iii.  232,  233 
organs  of  sight,  iii.  2M 
organs  of  smell,  iii.  211 
skull,  ii.  449 
teeth,  iii.  343.  357 
urinary  system,  iii.  606 
vertebral  column,  ii.  444 
Tapirus  malayaous,  alimentary  canal  of, 
iii.  468 

organs  of  generation,  male,  iii.  664 
vertebral  column,  ii.  448 
Tarsipes,  teeth  of,  iii.  265,  289 
Tarsius  spectrum,  alimentary  canal  of,  iii. 

m 

lungs,  iii.  682 

organs  of  generation,  male,  iii.  672 
muscles,  iii.  53 

osseous  system,  ii.  512.  528,  542 
teeth,  iii.  314 

Taxidoa  labradorea,  mammary  glands  of, 
iii.  7^ 
teeth,  iii.  333 

Teeth  ; dental  tissues,  L 359 
dentine,  L 359 
cement,  L 369.  360 
enamel,  L 359,  360 
chemical  composition,  L 362 
Tegumentary  system.  Aves  ; Mam> 
molia;  Pisces;  Heptilta 
Xejus  nigropUDctatus,  skull  of,  L 156,  168 
teeth,  L 388 

Teleology  (sya.  final  purpose),  L ri,  xxv ; 
iii.  787 

Tcleosaurus,  characters  of,  L U 
dermoskeleton,  L 198 
Teleostci,  l 248 
Teleostomi,  characters  of,  L 1 

female  organs  of  generation,  L 672 
Tenuirostres,  characters  of,  ii,  147 
beak,  ii.  147 

Terrtpenes,  characters  of,  L U 
Testudo,  characters  of,  L II 
liver,  L 461 
myelencephalon,  L 292 
oigan  of  nearing,  L 344 
pectoral  limb,  L Hi 
pelvic  arch  and  limb,  L LM 
skull,  L 152 
teeth,  L 385 

teguments,  L 558,  &59,  560 
vertebral  column,  L ^ fil 
Testudo  Couei,  larjnx  of,  L 629 


THT 

Testudo  elephantopus,  larjmx  of,  L 529 
liver,  L 462 
skull,  L 88 

vertebral  column,  L 66 
Testudo  graecA,  absorbents  of,  L 459 
alimentary  canal,  L 445 
heart,  L 6(>0 
larynx,  L 629 
liver,  L 452 
nerves,  L 313.  314 
organ  of  sight,  L 340 
ovulation,  ii.  592 
pelvic  arch  and  limb,  L 188 
Testndo  indica,  alimentary  canal  of,  L 445 
organs  of  touch,  L 827 
scent-gland,  L 562 

Testudo  polypbemus,  alimentary  canal  of, 
L 115 

absorbents,  i*  620 
liver,  L 460 
pancreas,  L 464 

Testudo  tabulata,  alimentary'  canal  of,  L 445 
kidneys,  L 641 
larynx,  L 629 

pelvic  an*h  and  limb,  L 182 
Totraceros.  Sre  Antilopo  quadricomis 
Tetragonurus,  alimentary  canal  of,  L 415 
Tetrao,  osseous  system  of,  ii,  27i  ^ 65 
Tetrao  urt^allus,  genenitivo  system  of,  it. 
267 

organ  of  taste,  ii.  129 
skull,  ii,  57 

Tetrodrodon,  air-bladder  of,  L 191 
alimentary  canal,  L 416 
development  of  vertebrae,  L Hi  42, 13 
electric  organs,  L 350 
gills,  L 481 

myclencophalon,  L 272 
skull,  L ^ 

Tetronyx,  skull  of,  L 130,  131 
Thalassidroma,  sternum  of,  ii.  21 
Thalassorhinus,  alimentary  canal  of.  L 422 
Tbalicynus,  alimentary  canal  of,  iii.  420 
mammary  glands,  iii.  774 
organ  of  smell,  iii.  208 
prosencephalon,  iii.  104,  105 
skull,  ii.342 
t<?eth.  iii.  285,  286 
vertebral  column,  iii.  343 
Thamnophilus,  lower  larynx  of,  ii.  224 
Thuumatogeny,  iii.  814 
Tberimorpha  Anoura),  characters  of, 
L 15 

development,  L 629 
respiratory  actions  of,  L 532 
Theutididie,  characters  of,  L 11 
Thylacoleo,  dentition  of,  iii.  790 
skull,  ii.  343,  350 
teeth,  iii.  293.  294 

Thylucotherium  (sya.  Ampbithcrium),  cha« 
racters  of,  u xxxi 
teeth,  iii.  ^ 294,  3^ 

Tbymullus,  vertebral  column  of,  L 43 
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Thvnnu#  nilgaris,  arteiies  of,  L 498 
pkulJ,  L 107 
trgumenU.  L 548 
veins,  L 468 
vertebral  colnmn,  L ^ 

Thvmites,  ciiauges  accompany  ing  age  in,  L 
612 

Tiger,  skull  of,  ii.  505 
Tiliqua  scincoides,  dennoskeleton  of,  L 198 
larynx,  L 527 

male  organa  of  generation  of,  L 580 
Tinamu-s,  osseous  system  of,  ii.  1$^  ^ 34. 

Tinea,  arteries  of,  L 488 
development,  L 602 
nervea,  L 297 
teeth,  L 370 

Toad,  locomotion  of,  L 262.  2G3 
To<iu8,  dorsal  vertebrae  and  sternum  of,  ii. 
23 

Torpetlinidte,  chametens  of,  L 13 
Torj'edo  Galvanii. alimentary  canal  of. i.  415 
electric  organs,  L 213,  350 
heart,  L 474 
nerves,  L 273 

Torpedo  marce,  muscles  of,  L 213 
organ  of  touch,  L 325 
semination,  L 590,  591 
Torpedo  nmrmorata,  ovulation  in,  L 593 
Tortoise,  brain  of,  L 290,  21hi 
characters  of,  L LZ 
Tortrix,  teeth  of,  L 395 
Totanus,  sternum  of,  ii.  26 
Totipalmatiie.  characters  of,  ii.  2^ 

Toxo^ion,  teeth  of,  iii.  293 
Tmehinus  draco,  niyelencephnlon  of,  L 283 
Traehyptonis,  alimeutary  eanul  ot*  L 417 
air-bladder,  L 493 
Tnicbysaurus,  teguments  of,  L 555 
Tmgulus,  development  of,  iii.  737 
limb-boucs,  ii.  483 
oigans  of  gencratioii,  female,  iii.  696 
osseous  system,  ii.  298 
pn)sencephu!on.  iii.  Ill,  120,  121,  122, 
123 

skull,  ii.  471,  472 
teeth,  iii.  331 

Tmgulus  javanicubis,  limb-bones  of,  ii.  484 
Tmgulus  kanchil,  alimentarv  canal  of,  iii. 
467 

bloo<l,  iii.  515 
limb*i)ones.  ii.  486 
liver,  iii.  131 

Traguliis  napu,  limb-bones  of,  ii.  480 
Trsgulus  piginous,  hmtn  of,  iii.  1 43 
Triljonolonotus,  thyroid  IkkIv  of,  h 565 
Trichechus  rosraanis,  characteni  of,  ii.  289 
heart,  iii.  521 
limb-bones,  ii. 
mammary'  glands,  iii.  780 
skull,  it.  498 
teeth,  iii.  338 
vertebral  colnmn,  ii.  490 


TBO 

, Triehiums,  character®  of.  L XMin 
I teeth,  L 370 
Trichodon,  teeth  of,  L 377 
I Trichogasler,  organ  of  touch  of.  L 326 
■ Trigeminal  nerve.  Fishes,  j,  302 
I Trigla,  alimenlarr  canal  of,  L 421 
myelencephalon,  L 271.  284 
nerves,  L 298 
organ  of  touch,  L 326 
Trigla  cuculus,  air-bladder  of,  i.  4 91 
; Trigla  hirundo,  air-bUd<ler  of,  L I9J.  ipr 
I Trigla  Lyra,  gills  of,  L 478  * 

liver,  L 426 

male  organs  of  generation,  L 569 
I pyloric  appendngea  and  panerras.  L iZ 

skull,  L nil 

! Trigonocephalus,  teeth  of,  L 398 
I tegument,  L 555 

I Tringa,  sternum  of,  ii.  2fi 
i Trionyx,  character®  of.  L 17 
fecundation,  L 61.S 
female  organs  of  generation,  L 583 
kidneys,  L 511 
I liver,  L US 

* lung®,  u 526 

organ  of  sight,  L 331 

organ  of  taste,  L 327 

|H*lric  arch  unfl  limb,  L 186.  igr. 

respirator\*  actions,  L 530 

skull,  L 1 34 

teeth,  L 385 

[ teguments,  L 557 

vertebral  column,  L 61^  62j  63 

Triton,  characlcrs  of,  L J5  * 

. alimentary'  canal,  L 43 1 

arteries,  L 518 
development,  L 625-628 
I fecundation,  l 611 

ills,  L 513.  514 
eart,  L 507 
kidneys,  L 538 
lungs,  L 521 

i rayolencepbalon,  L 200 

I organ  of  sight,  L 332 

j reproducible  jxirts,  L 566 

^ semiuation,  L 531 

I veins,  L 502 

' vertebral  column,  L 13 

j Triton  cristatus,  development  cjf,  629 
I fecundiition,  L 615 

( oviposition,  L 616 

: Triton  marmonitus,  reproducible  part*  ul 
! L 5M 

I Triton  tjenialus,  male  organs  of  geomtim 

I of,  L 578 

! Troohilithe,  cliaracter®  of,  ii.  11 
' beak,  ii.  H2 

' muscles  of  the  wing®,  ii.  36 

t myelencephalon,  ii.  117 

j osseous  system,  ii.  21 

I dorsal  rorlelrm  and  str*nium  it 

' 21.28 

•capiilnr  arch  aud  limbs,  ii. 
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TRO 

'rroohihiM.  msoous  system,  ii.  22 

doraftl  rertebre  Rsd  sternum,  ii. 

22. 

sacral  vertebrse  and  tail,  ii.  22 
skull,  ii.  ^ 

scapular  arch  and  limbs,  ii.  22 
polric  limbs,  ii.  21 
tongue,  ii.  161 

Troglodytes,  characters  of,  L xxxii,  xxxv 
Troglodytes,  eggs  of,  ii.  257 
Troglodytes  Gorilla,  characters  of,  L xix, 
xxxT ; ii.  221 
alimentary  canal,  iii.  434 
brain,  iii.  144 
locomotion,  iii,  U 
lungs,  iii.  522 
mouth,  iii.  393 
muscular  system,  iii.  64~.*i9 
nervous  system,  iii.  127 

prosencephalo^  iii.  127i  138 
organ  of  hearing,  iii.  236 
organ  of  smell,  iii.  216 
skeleton,  ii.  623,  632—538.  542—563, 
672 ; iii.  622 
teeth,  iii.  317-322 
voice,  iii.  601 

Troglodytes  niger,  characters  of,  Lxzxii; 
ii.  213 

alimentary  canal,  iii.  434 
larynx,  iii.  600 
lungs,  iii.  682 

male  organs  of  generation,  iii.  673 
muscles,  iii.  52 
organ  of  hearing,  iii.  236 
prosencephalon,  iii.  127t  130,  121 
skeleton,  ii.  521,  622 
skull,  ii.  636i  M5 
teeth,  iii.  317.  321 
Trogonida',  characters  of,  ii.  U 
Tropidulepis.  teeth  of,  L 403 
Tropidurus,  teguments  of,  L 666 
Trj'gon,  dermoskeleton  of,  L l£i 
heart,  L 474 

Trygonidjp,  characters  of,  L 13 
Tupaia  (eyn.  Qlysorex,  Cladobates),  slU 
mentary  canal  of,  iii.  427,  422 
female  organa  of  generation,  iii.  689 
organ  of  taste,  iii.  122 
teeth,  iii.  307 

Tupinarobis  teguexin,  teeth  of,  L 4iU 
Tu^us,  OKsc'ous  system,  ii.  32 
Turdus  rousicus,  characters  of,  ii.  11 
dorelopment  of  feathers,  ii.  237 
generative  system,  ii.  247 
Turdus  pilaris,  tongue  of,  ii.  153 
Turtle,  brain  of,  L 290.  291,  205 
characters  of,  L 11 
Turtle,  mud.  characters  of,  L 11 
Tusks  of  bog.  iii.  344 
iralrus,  iii.  338 
elephant,  iii.  3.59 

Typhlops,  organ  of  bearing  of,  L 848 
Tyrsnous,  tegumentary  organs  of,  ii.  238 
VOL.  III. 


VAN 

UNOUICULATA.  tdiaracters  of,  ii.  288 
prosencephalon,  iii.  128 
skeleton,  ii.  128 

Ungulata,  characters  of,  L xxviii-xxx ; ii. 
280-286,  295,  296 
development,  iii.  732 
heart,  lii.  522 
limb-bone«,  ii.  487 
mammary  glands,  iii.  778 
muscular  system,  iii.  1 
organs  of  touch,  iii.  188 
peculiar  glands,  iii.  638 
prosencephalon,  iii.  128 
spines,  iii.  623 
teeth,  iii.  340 

A.  homologies  of  the  parts  of  the 
grinding  surface,  iii.  340 

B.  Artiodactyla,  iii.  343 

C.  Perissodactyla,  iii.  3.52 

D.  Proboscidia,  iii.  369 
veins,  iii,  5.55 
Upeneus,  liver  of,  L 427 
nerves,  L 306 
skull,  L 120 

Uperoleia,  teeth  of,  L 392 
teguments,  L 662 
Vpupa,  pancrt<as  of,  ii.  178 
Bcent^follicles,  ii.  230 
Uranoeoopus,  organ  of  sight  of,  L 331 
organ  of  touch,  L 326 
skull,  L 1 19 

Uria,  osseous  system  of,  ii.  19j  26^  31^  34, 

Ml  67,  ^ 83 

extem^sexual  characters,  ii.  267 
Urinary  system  of  Aves,  ii.  223 
Fishes,  L 633 
Reptiles,  L 637 
Mammalia,  iii.  604 
Urodela.  See  Ichtbyomorpha 
Ursidie,  bones  of  the  limbs  of,  ii.  608 
mammary  glands,  ill  780 
skull,  ii.  499 

vertebral  column,  ii.  490,  494 
Ursus  americanus,  develo|ment  of,  iii.  746 
Ursus  arctos,  laiynx  of,  iii.  696 

organs  of  generation,  male,  iii.  669 
organ  of  bearing,  iii.  234 
prr>sencephalon,  iii.  118 
skull,  ii.  499 
teeth,  iii.  ^ M6.  371 
Ursus  ferox,  brain  of,  iii.  143 
skull,  ii.  500 

Ursus  lubiatus,  vertebral  column  of,  ii. 
490 

Ursus  maritimns,  female  organs  of  genera- 
tion of,  iii.  699 
hair,  iii.  618 
skull,  ii.  600 
vertebral  column,  ii.  490 

VAGINA,  human,  iii.  708 

Vanellus,  skull  of,  ii.  49,  58 

3 N 
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Yanga,  beak  of,  ii.  lifi 
Varaous  bivittatoa,  teeth  of,  L 404 
VaniDus  niloticus,  organ  of  sight  of,  L 229 
pectoral  limb.  L Hi. 
pelric  arch  and  limb,  L 190,  101 
akxill,  L 122 
teeth,  L 386,  iOA 

Varanus  Tariegatua,  teeth  of,  L 404 
Varanua,  rertebral  column  of,  L 28 
V’egetative  repetition.  See  IrrelatiTe  repe* 
tition 

Vertebra,  type  segment  or,  L 91 
Vertebrates,  characters  of,  L 1 

developmental  characters,  L 3 
Piscine  modification,  L 4 
Reptilian  modification,  L 2 
Avian  modification,  L fi 
Mammalian  modification,  L fi 
genetic  and  thermal  distinction,  Lfi 
orders  of  Hematociya,  L I 
oeaeoua  ayatero,  L 19 

chiKses  of  bone,  26 
compoaition,  L 19 
development.  L 91 
growth,  L 92 

sub^la«bes  of  Hsematocrya,  or  cold- 
blooded Vertebratea,  u I 
Veapertilio,  hybernation  of,  ii.  i 
muscles,  iii.  i 
organ  of  hearing,  iii.  299 
skull,  ii.  387 
sploen,  iii.  2fi2 

Veapertilio  emarginatua,  development  of, 
iii.  730 

VeajH'rtilia  murinua,  bones  of  the  limbs  of, 
ii.  392 

alimetitaiy  canal,  iH.  19fi 
organ  of  taste,  iii.  192 
teeth,  iii.  310 

Veapertilio  noctulu,  development  of,  iii.  730, 

myelon.  iii.  Ii 
oi^un  of  bearing,  iii.  74 
Veapertilio  serotinus,  male  organs  of  gene- 
ration of,  iiL  667 
Vinago,  characters  of,  ii.  19 
Vipem  (Kchidns)  arietana,  lungs  of,  L 624 
Vipera  berus,  female  organs  of  generation, 
L 2M 

development,  L 636,  637 
organ  of  sight,  L 338 
poisuD-glands,  L 262 
teeth,  L 397 

Vipera  cerastes,  ovulation  in,  L 699 
tenmeuts,  L 664 
Viperidip,  longs  of,  L 624 
oviposition,  L 616 
Vital  force  in  Reptiles,  L 316 
Viverru  civetta,  anal  glands  of,  iii.  637 
female  organs  of  generation,  lit.  700 
limb-bones,  ii.  609 
skull,  ii.  602 
vertebral  column,  ii.  492 

X 


ZIP 

V'iverra  genetta,  anal  gland*  of,  Uu  6ST 
limb-bones,  ii.  510 
mammary  glands,  iii.  780 
ViveiTa  sibetta,  male  orgaoe  of  geaerati^i 
of,  iii.  670 

Viverridm,  teeth  of,  hi.  33Q 
Vocal  organ  in  Avee,  ii.  221—293 
Voice  in  Mammalia,  iii.  583 
Vole,  musk,  skull  of,  ii.  37o 
Vole,  water,  osseous  S3rstem  of.  ii.  331 
Volitures,  characters  of,  ii.  19 
alimentary  canal  of,  iii.  421 
pelvis,  ii.  29 
sternum,  ii.  28 

Vomer,  characters  of,  L xxxiii. 

Vulture,  heart  of,  iL  182 
liver,  ii.  174 
organ  of  sight,  ii.  139 
osseous  system,  it  19,  5^  89 
scent-follicles,  ii.  230 
spleen,  ii.  229 


ALRUS,  bones  of,  ii.  490.  et  «ej. 
teeth,  iii.  338 
tusks,  iii.  338 
Weasel,  teeth  of,  iii.  333 
bones,  it  291 

While,  skeleton  of,  i«.  280 
bones,  ii.  415 
brain,  iit  119 
Wings  of  Aves,  ii.  94 
Wolf,  bones  of,  ii.  492.  ei  erq. 

Wombat,  brain  of,  iii.  104.  108 
osseous  system,  ii.  22it 


'VKNODERMUS,  tiguments  L 564 
Jx  Xiphodon,  characters  of,  ii.  286 
Xiphosurus  velifer,  dermoskeletoc  of.  i 
198 

Xiphias,  alimentary  canal  of^  L 420 
gills,  L 419 
liver,  L 427 
locomotion,  L 262 
oi^D  of  sights  L 332,  224 
pelvic  arch  and  limb,  i.  179 
skull,  L 107.  118:  ii.  £i 
vertebral  column,  L 28 


ZEBRA.  Set  Equns  cebra 

Zeuglodon  (<ya.  Squalodon),  skeitte 
of,  ii.  424 

teeth,  iii.  266.  284^  269 
Zeus,  gills  of,  i.  480 
skull,  i.  1 19 

Ziphius,  limb-Vfonea  of,  ii.  427.  428 
teeth,  iii.  265 
vertebral  column,  ii.  419 
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ZOA 

^oarees,  fecundAtioo  of,  L 600 

female  organa  of  generation  of,  L ♦*>74 
tegamenta,  L &4fi 
SSonoaaurus,  tegnmeote  of,  L 66 ♦'i 
Zonurne,  tegnmenta  of,  665 
Zootoka,  characters  of,  L 6 ; ii.  266 
Zootoca  muralis,  female  organs  uf  gencm* 
tion  of,  L 6S3,  587 
orulstioD,  L 699 


ZYG 

Zygurna,  alimentary  canal  uf,  L 423 
I development,  L 600 

I liver,  L 4^  427 

I organs  of  sight,  L 3^ 

sknll,  L.  61 

I vertebral  column,  L 
j Zygeenidse,  characters  of,  L 16 
I organs  of  sight,  L 836 


THE  END. 
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Edition,  reTised.  Crown  8to.  6s. 

On  Parliamentai7  Government 

in  England : its  Origin,  Development,  and 
Practical  Operation.  By  Alphbus  Todd, 
Librarian  of  the  Legislative  AsMmbly  of 
Canada.  In  two  voinmes.  Vol.  I.  8vo.  I6a 

The  History  of  England  during 
the  Reign  of  George  the  Third.  By 
the  Right  Hon.  W.  N.  Massey.  Cabinet 
Edition,  4 toIa  poet  8vo.  24s. 

The  Constitutional  History  of 
England,  since  the  Accession  of  George  III. 
1760 — 1860.  By  Sir  Thumas  Ersbine 
May,  K C.B.  Second  Edit.  2 toIa  8to.  88a 

Brodie’s  Constitutional  History 

of  the  British  Empire  from  the  Accession 
of  Charles  I.  to  the  Restoration.  Second 
Edition.  3 voIa  8vo.  86s. 

Historical  Studies.  I.  On  Precnrson 
of  the  French  Rerointion ; II.  Studies  from 
the  History  of  the  Seventeenth  Century; 
III.  Leisure  Hours  of  a Tourist  By 
Hbrjian  Hbritale,  M.A.  Sto.  12a  id. 
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The  Government  of  England : its  | 

Structure  and  iti  Development. 
William  Edward  Hearw,  LL.D.  Pro- 
fessor of  History  and  Political  Economy  in  I 
the  University  of  Melbourne.  8vo.  14«. 

Flutoloffy ; or,  tlie  Theory  of  the  EfTorta  to 
Satisfy  lluman  Wants.  By  the  same 
Author.  8to.  14s. 

liootures  on  the  History  of  Eng- 
land. By  William  Lonomak.  You  1. 
from  the  Earliest  Times  to  the  Death  of 
Kin^  Edward  IL  with  6 Mapa»  a ooloored 
Plate,  and  53  Woodcuts.  8ro.  15s. 

History  of  Civilization  in  England 

and  France,  Spain  and  Scotland.  By  i 
Hksrt  Thomas  Bucrlb.  Fifth  Edition  ' 
of  the  entire  work,  with  a complete  Index. 

3 voU.  crown  8vo.  24s. 

The  History  of  India,  from  the 
Earliest  Period  to  the  close  of  Lord  Dal- 
housie’s  Administration.  By  John  Clark 
Marshman.  3 vols.  crown  8vo.  22s. 

History  of  the  French  in  India, 

from  the  Founding  of  Pondicbery  in  1C74 
to  its  Capture  in  17CI.  By  Major  G.  B. 
Mallrson,  Bengal  StafT  Corps,  some  time 
in  political  charge  of  the  Princes  of  Mysore 
and  the  King  of  Oudh.  8vo.  16s. 

Democracy  in  America.  By  Alexis 

Db  ToeguEViLLB.  Translated  by  Hekrt 
Rreve,  with  an  Introductory  Notice  by  the 
Translator.  2 vols.  8vo.  21s. 

The  Spanish  Conquest  in 

America,  and  its  Relation  to  the  History  of 
Slavery  and  to  the  Government  of  Colonies. 
By  ARTHtfR  IlKLPa.  4 vols.  8vo.  £3. 
Vols.  I. & II.  28s.  Volb.  III. & IV,  16s.  each. 

The  Oxford  Reformers  of  1498 ; 

being  a Ilii'tory  of  the  Fellow-work  of  John 
Colct,  Erasmus,  and  Thomas  More.  By 
Frederic  Srkuomm.  8vo.  12s. 

History  of  the  Reformation  in 

Europe  in  the  Time  of  Calvin.  By  J.  H. 
Mrrlr  D'Acriox^,  D.D.  Vota  I.  and 
II.  8to.  28s.  Vm*  in.  12s.  and  Vou  IV. 
price  ICs.  Vou  V.  in  the  press. 

Library  History  of  France,  in 
5 vols.  8vo.  By  Etrb  F.vans  Cbowb. 
VoL.  I.  Ms.  Vou  II.  15s.  Vou  III.  18s. 
Vou  IV.  18s.  Vou  V.  just  ready. 

Lectures  on  the  History  of 

Fnnn.  Bjr  tha  Ute  Sir  Jamks  Stbpskh, 

S rola.  8\ro.  Ml. 

‘■W' 


The  History  of  Greece.  BjC.Thibi 

WALL,  D.D.  Lord  Bishop  of  St.  Dernc't 
8 vols.  fcp.  28s. 

The  Tale  of  the  Great  Penuc 

War,  from  the  Histories  of  IlerodotoK  By 
Georob  W.  Cox,  M.A.  late  SchoUr  ^ 
Trin.  ColL  Oxon.  Fcp.  7s.  Sd. 

Greek  History  fVom  Tli^iiistoclai 

to  Alexander,  in  a Series  of  Lives  froe 
Plutarch.  Revised  and  arranged  by  A E. 
Clough.  Fcp.  with  44  Woodcuts,  ^ 

Critical  History  of  the  Lac- 

guage  and  Literature  of  Ancient  Greece 
By  WiLUAM  Murk,  of  Caldwell  5 tos 
8vo.  £3  9s. 

History  of  the  Iiiterature  d 

Ancient  Greece.  ByProfessor  K.OlMcujx 
Translated  by  the  Right  Hoxl  Sir  Gxoaa 
CoKXEWALL  Lewis,  Bart,  and  1^  J.  W 
Doxaldsox,  D.D.  3 vola.  Svo.  S€s. 

History  of  the  City  of  Home  tree 

its  Foundation  to  the  Sixtewnth  Ontary  d 
the  Christian  Era.  By  Thomxs  EL  Dris. 
LL.D.  Svo.  with  2 Maps,  15a. 

History  of  the  Romans  under 
the  Empire.  By  C.  Mkiuvalx,  LL.?. 
Chaplain  to  the  Speaker.  8 rola  post 
price  48s. 

The  Fall  of  the  Roman  Re- 
public : a Short  History  of  the  Last  Ca* 
tnry  of  the  Commonwealth.  By  the  tac? 
Author.  I2mo.  Tf.Gd. 

The  Conversion  of  the  Romas 

Empire ; the  Boyle  Lectures  for  tha  yet? 
1864,  delivered  at  the  Chapel  Royal,  White- 
hall. By  the  same.  2nd  Edition.  Snv  8c.  IM. 

The  Conversion  of  the  ITorthem 

Nations;  the  Boyle  Lectures  for  18^  By 
the  same  Author.  8m.  8«.  6dL 

Critical  and  Historical  SBsay* 

contributed  to  the  Edimbmryk  By 

the  Right  Hon.  Lord  MacAruar. 

Ltrrart  Emnox,  3 vola  Svo.  SSs. 
Traveller’s  Editiox,  in  I toL  21j- 
Cabivkt  Editiox,  4 vols.  24a. 

Pocket  Editiox,  8 vols.  fcp.  2li. 
Psoplb’s  Editiox,  2 vola.  crown  Sva  8a 

The  Papal  Drama:  an  Ilirtont*; 

Kuay,  wherein  the  Story  of  the  Popedet, 
of  Rome  is  narrated  from  its  Origin  toth« 
Present  Time.  By  Thomas  H.  Gilu  Sra 
price  12a 
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Sistory  of  thoBise  suad  lafluenoe  i 
or  tho  Spirit  of  Rationaiiam  in  Europe.  By 
W.  E.  11.  Lbckt,  M.A.  Third  Edition. 

2 vole.  Svo.  25*. 

I 

Ood  in  History;  Or,  the  Progres*  | 
of  Man’s  Faith  in  a Moral  Order  of  the 
World.  By  the  late  Baron  Buwsex.  Trans-  ‘ 
lated  from  the  German  by  Susahica  Wihk-  j 
WORTH ; with  a Preface  by  Arthur  I 
Pkrriiyr  Starlky,  P.d.  Dean  of  West-  j 
minster,  8vola.8vo.  [iVear/y  midy.  I 

The  History  of  Philosophy,  fW)m 
Thales  to  Comte.  By  Georo*  Hbrrt  ; 
Lkwrs.  Third  Edition,  rewritten  and  en- 
larged. 2 vols.  Svo.  d0«. 

Egypt’s  Plaoo  in  Universal  His- 
tory ; an  iliatorical  Investigation.  By 
Baron  Bunsen,  D.C.L.  Translated  by 
C.  U.  Cottrell,  M.A.,  with  Additions  by 
S.  Bmcii,  LL.D.  6 vols.  Svo.  XS  Ha.  6c/. 

Maunder’s  Historical  Treasury ; 

comprising  a General  Introductory  Outline  ^ 
of  Universal  History,  and  a Series  of  Sepa-  ■ 
rate  Histories.  Fcp.  10a. 


Historical  and  Chronolo^oal  En- 
cyclopedia, presenting  in  a brief  and  con- 
venient form  Chronological  Notices  of  all 
the  Great  Events  of  Universal  Hiateiy.  By 
B.  B.  Woodward,  F.S.A.  Librarian  to  the 
Qaeen.  [ the  preu. 

History  of  the  Christian  Church, 

from  the  Ascension  of  Christ  to  the  Conver- 
sion of  Constantine.  By  E.  Buhton,  D.D. 
late  Regins  Prof,  of  Divinity  in  the  Uni- 
versity of  Oxford.  Fcp.  3j.  6rf. 

Sketch  of  tho  History  of  the 

Chnrcb  of  England  to  the  Revolution  of 
1688.  By  the  Right  Rev.  T.  V.  Suonx,  D.D. 
Bishop  of  St.  Asaph.  Crown  Svo.  IDs.  Gd, 

History  of  the  Early  Church, 
from  the  First  Preaching  of  the  Gospel  to 
the  Council  of  Nic»a,  a.d.  825.  By  the 
Author  of  ‘ Amy  Herbert.*  Fcp.  4a.  G<L 

History  of  Wedeyan  Methodism* 

ByGKORoeSHlTH,  F.A.S  Fourth  Edition, 
with  nameroos  Portraits.  8 voU.  crown 
Svo.  7a.  each. 

The  English  Beformation.  By 
F.  C.  Massingbkrd,  M.A.  Chancellor  of 
lincoln.  Fowrth  Edit,  revised.  Fcp.  7a.  6c/. 


Biography  and  Memoirs. 


Dictionary  of  General  Biography ; 
containing  CoBdse  Memoirs  and  Notices  of 
the  moet  Eminent  Persons  of  all  Countries, 
from  the  Earliest  Ages  to  the  Present  Time. 
With  a Claasihed  and  Chronological  Index  of 
the  Principal  Names.  Edited  by  Willi.\m 
L,  R.  Cates.  Sto.  21s. 

Memoirs  of  Sir  Philip  Francis, 

K.C.B.  Trith  Correspondence  and  Journals. 
Commenced  bv  the  late  Joseph  Fabkes; 
completed  and  edited  by  Hermae  Hkbi- 
VAI.E,  M.A.  2 vols.  8vo.  with  Portrait  and 
Facsimiles,  80s. 

Life  of  Baron  Bunsen,  by  Baroness 

BiixgEK.  Drawn  chiefly  from  Family  Papers.  | 
With  Two  Portraits  Uken  it  different  periods 
of  the  Baron's  life,  and  scTeral  Litho- 
graphic Views.  2 vols.  8ro.  [A'«u-/y  rtaiy. 


Extracts  of  the  Journals  and 
Correspondence  of  Hiss  Berry,  from  the 
Tear  1783  to  1832.  Edited  by  Lady 
Theresa  Lewis.  Second  Edition,  with  3 
Portraits.  8 toIs.  8to.  42j. 

Life  of  the  Duke  of  Wellington. 
By  the  Rev.  G.  R.  Guaio,  M.A.  Popular 
E^tion,  carefully  reviaed)  with  copious 
Additions.  Crown  8ro.  with  Portrait,  5i. 

History  of  my  BeUgious  Opinions. 
By  J.  U.  Newmah,  D.D.  Being  the  Sub- 
stAnce  of  Apologia  pro  Viti  Sni.  Post 
Svo.  6a 

Father  Mathew:  a Biography. 
By  JoHB  Frabcu  Maodirb,  H.P.  Papular 
Edition,  with  Portrait.  Crown  Svo.  3a  6<L 
Borne  I Ita  Bulera  and  ita  InatituUona. 
By  the  same  Author.  New  Edition  in  pre- 
pefisUon. 


Life  and  Correspondence  of 

Eicbsrd  Whateiy,  D.D.  lete  Archbishop  of 
Dublin.  By  E,  Jaxk  Whatelt,  Author  of 
•English  SynonjTneA’  With  2 PortraltA 
2 volA  8vo.  28a  , 


laetters  and  Life  of  Franois 
Bacon,  including  eU  bis  Occasional  WorkA 
Collected  and  edited,  with  a Cenmentary, 
by  J.  Speddiwo,  Trin.  CoIL  Cantab.  Vols, 
I.  and  IL  Svo.  2is. 


Digitized  by  Google 


4 


NEW  WORKS  PUBLI8HBD  BT  LONGMANS  akd  CO. 


Life  of  Faster  Fliedner,  Founder  of 

the  Deaconesjes'  Institution  at  Kaiserawerth. 
Translated  from  the  German,  with  the  sanc- 
tion of  Fliedner’s  Family.  By  Cathbribk 
WlXKWoitTH.  Fcp.  8to.  with  Portrait, 
price  Ss.  6d. 

The  Lift  of  Frans  Schubert, 

translated  from  the  German  of  Kbitzle 
Vote  Hkllbobji  by  Aethub  Dl'ke  Cole- 
ridge, M.A.  late  Fellow  of  King's  College, 
Cambridge.  [ iVear/y  ready. 

Letters  of  Distinguished  Musi- 
cians, VIZ.  Gluck,  Haydn,  P.  E.  Bacb,  Weber, 
and  Mendelssohn.  Translated  from  the 
German  by  latdy  Wali.acb,  srith  Three 
Portraita  Peat  8vo.  14a 

Mosart’s  Letters  (1769-1791), 

translated  from  the  Collection  of  Dr.  j 
Lcdwio  Nohl  by  Lady  Wallacb.  S Tola  ] 
post  8to.  with  Portrait  and  Facsimile,  18a 

Beethoven’s  Letters  (1790-1826), 

from  the  Two  Collections  of  Dra  Kohl  ! 
and  Von  KbciiEL.  Translated  by  Lady  , 
Wallacb.  2 rola  post  8to.  Portrait,  18a  | 

Felix  Mendelssohn’s  Letters  from 

/iafy  and  Switzxrktnd,  and  Letter » fivm  1838 
fo  1847,  translated  by  Lady  Wallace.  With 
PortraiL  2 Tola  crown  8to.  6a  each. 


With  Mn-riiTiiiiA.Ti  in  Kexicc. 

From  the  Note-Book  of  a Mexican  CMScrr 
By  Max.  Baron  Von  Alvbnslxbaji.  Uo 
Lieutenant  in  the  Imperial  Mexseax  Armv 
Post  8to.  7a  6d. 

Memoirs  of  Sir  Henry  Havelock, 
j K.C.B,  By  John  Clarx  IfaBaatiasB 
I Cabinet  Edition,  with  Portrait.  Crown  Sra 
price  6s 

Faraday  as  a Discoverer : a Me- 
moir. By  John  Ttnoall,  1.1.  D.  F 
Professor  of  Natural  Pbiloaopby  la  thi 
Royal  Institution  of  Great  Britain,  aai  a 
the  Royal  School  of  Minea  Crown  Sto. 

early  ttos'a 

Essays  in  Ecclesiastical  Biogra- 
phy. By  the  Right  Hon.  Sir  J.  STarwBs. 
LL.D.  Cabinet  Edition.  Crown  Svo.  7a  id 

Vicissitudee  of  Families.  By  Sr 

Bbbnabd  Bcrbx  Ulster  King  of  Ana, 
First,  Second,  and  Third  SaRixa.  2 twa 
crown  8to.  12a  6dL  each 

Maunder’s  Biographioal  Trea- 
sury. Thirteenth  Edition,  reconatriKtadati 
pertly  rewritten,  with  shore  1,000 
' Memoira  by  W.  L.  R.  Cates.  Fcp.  10b.  U 


Criticism,  Philosophy,  Polity,  <^c. 


On  Bepresentative  Government.  , 

Bj  John  Stuart  Mill,  M.l\  I htrd  £di>  | 
tioo.  8to.  9«.  crown  8vo.  2c. 

On  laiberty.  By  the  same  Author.  Third 
Edition.  Poat  8to.  7$,  B<L  crown  8vo. 
U4dL 

Principles  of  Politioal  Economy.  By  the 
same.  Sixth  Edition.  2 vola  8to.  80s.  or 
in  I toL  crown  8vo.  5s. 

A System  of  Ii08;io»  Betlooinatiwe  and  | 
indoctive.  By  the  same.  Sixth  Edition.  | 
2 roU,  8to.  25s. 

Bj  the  same.  2d  Edit.  8ro.  6s. 

Dlaaertationa  and  Diaousaiona.  By  the 
same  Author.  8 vola  8to.  86s. 
Examination  of  Sir  W«  Hamilton*! 
Philosophy,  and  of  the  Principal  Pbiloao- 
pblcal  Questions  discussed  in  bia  Writings. 
By  the  sama  ThiM  Edition,  8ra  16d 

Workmen  and  Wages  at  Home 

and  Abroad ; or,  the  EtTecu  of  Strikes,  Com* 
binations,  and  Trade  Uniona  Bv  J.  Ward, 
Author  of 'The  World  in  Us  Workshops,*  j 
Ac.  Post  8ra  7s.  6A 


The  Elements  of  Political  Eco- 
nomy. By  Uexrt  DuHNtso  Macutc- 
H.A  Barrister-at-Law.  Sro.  16s. 

A Dictionary  of  Political  Economy ; 
Biographical,  Bibliographical,  IlUtcsrkak 
and  Practical.  Bydhs  tame  Author.  ToiwL 

royal  8vo.  80s. 

Lord  BaooD’s  Works,  collected 

end  edited  by  R.  L.  Ellis,  M.A.  J.  Stbuding. 
M.A.  snd  D.  D.  Heath.  Vole.  L u V. 
PhUovopkital  Workt,  5 vole.  8m.  X4  S*. 
VoLS.  VI.  and  VII.  Literary  mad  Pra/m- 
nemat  Worka,  2 Tols.  AI  16s. 

The  Institutes  of  Justinisn ; wait 

English  introdnetion,  TransUlioo.  od 
Notes.  By  T.  C.  Bandars,  M.A.  Bsmstw- 
it-Lsw.  Thltd  Edition.  8vo.  16a 

The  Ethics  of  Aristotle  wUh  Esssyi 
end  Notes.  By  Sir  A.  Grant,  Bert.  M.  A 
LL.D.  Director  of  Public  Instiuctioe  is  tk* 
Bombsy  Presidency.  Second  Editiiei,  i.. 
vised  snd  completed.  2 toIs.  8t«.  pries  SS. 
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Bacon’s  Essays,  with  Annotations. 
By  R.  Whatkly,  D.D.  Ut«  ArchbiBhop  of 
I>ablin.  Sixth  Edition.  Svo.  10s.  6d!. 

fUements  of  Iiogio.  Bj  R Wuxtxlt, 
D.D.  late  Archbishop  of  Dublin.  Kintb 
Edition.  Svo.  lOx  6d  crown  8ro.  is.  6cC. 

rsiements  of  Bbetorlo.  By  the  satoe 
. Author.  Seventh  Edition.  Svo.  10s.  6dL 
I crown  Svo.  is.  6dL 

English  SynonymeB.  Edited  by  Arch* 
biahop  Whatblt.  6th  Edition.  Fcp.  8s. 

An  Outline  of  the  Necessary 
Laws  of  Thought:  a Treatise  on  Pure  and 
^ Applied  Logic.  By  the  Moet  Rev.  W. 

I THOMaoK,  D.D.  Archbishop  of  York.  Crown 
Svo.  5s.  Bd, 

I AnalysiB  of  Kr.  Mill’s  System  of 
■ Logic.  By  \V.  SrEBBiaro,  &LA.  Second 
, Edition.  12roo.  Ss.  6d. 

The  Nleotion  of  Hopreaentatives, 

i ParliameoUry  and  Municipal;  a Treatise, 
i By  Titova  Hark,  Barrister-at*Law.  Third 
f Edition,  with  Additions.  Crown  Svo.  6s. 

Speeches  on  Parliamentary  Re- 

I form,  delivered  in  the  House  of  Commons 
( by  the  Right  Hon.  B.  Disrabi  i (1848-186C). 

Editeil  by  Montague  Coury,  B.A.  of 
I Lincoin's  lou,  Barrister*at*Lavr.  Second 
Edition.  8vo.  12s. 

Speeches  of  the  Bight  Hon.  Iiord 
Macaulat,  corrected  by  Himself  Library 
Edition,  Svo.  12s.  People's  Edition,  crown 
Svo.  3s.  Bd. 

' Lord  Macaulay’s  Speeches  on 

l*srliamentary  Reform  in  1831  and  1832. 
IGmo,  Is. 

Inaugural  Address  delivered  to  the 
University  of  St.  Andrews.  By  John 
Stuart  Mili.,  Rector  of  the  University. 
I.ibraiy  Edition,  Svo.  3s.  People's  Edition, 
crown  Svo.  Is. 

A Dictionary  of  the  English 

Language.  By  R.  G.  Latham,  MA.  M.D. 
KR.S.  Founded  on  the  Dictionary  of  Dr.  S. 
Johnson,  as  edited  by  the  Rev.  H.  J.  Todd, 
with  numerous  Emendations  and  Additions. 
Publishing  in  86  Parts,  price  8s.  Bd,  each, 
to  form  2 vols.  4to.  Vou  I.  in  Two  Parts, 
price  £3  10s.  now  resdy. 

Thesaurus  of  English  Words  and 

Fbrsses,  classified  and  arranged  so  as  to 
fodiitate  the  Expreaaion  of  Ideas,  and  aasiat 
in  Literary  Com{>osilion.  By  P.  M.  Koobt,  [ 
M.D.  New  Edition.  Crown  Svo,  lOs.Bd!. 


Lectures  on  the  Science  of  Lan- 
guage, delivered  at  the  Royal  Institution. 
By  Max  Muller,  M.A.  Taylorian  Professor 
in  the  University  if  Oxford.  First  Series, 
Fifth  Edition,  12s.  Second  Skruu,  ISs. 

Chapters  on  Language.  By  F.  W. 
Fakrau,  M.A.  F.R.S.  late  Fellow  of  Trio. 
ColL  Cambridge.  Crown  Svo.  Ss.  6d. 

The  Debater ; a Series  of  Complete 
Debates,  Outlines  of  Debates,  and  Questions 
for  Discttssioo.  By  F.  Rowton.  Fcp.  6s. 

A Course  of  English  Beading, 

adapted  to  every  taste  and  capacity;  or, 
How  and  What  to  Read.  By  the  Rev.  J. 
PrcRorr,  B.A.  Fourth  Edition,  fop.  6s. 

Manual  of  English  Literature, 

Hiatorical  and  Critical;  with  a Chapter  on 
English  Metres.  By  Thomas  Arnold,  H.A. 
Second  Edition.  Crown  Sro.  7s.  Cd 

Southey’s  Doctor,  complete  in  One 

Tolame.  Edited  by  the  Rev.  J.W.  Wartbb, 
B.D.  Square  crown  Svo.  I2t.  6d 

Historical  and  Critical  Commen- 
tary on  the  Old  Testament;  with  a New 
Translation.  By  M.  8L  Kalisgh,  Ph.  D. 
Tol.  I.  GmenSf  Sva  18s.  or  adapted  for  the 
General  Reader,  12s.  Vol.  It.  Exodus,  16s. 
or  adapted  for  the  General  Reader,  12s. 
Voi..  III.  I^citieus,  Part  I.  16s.  or  adapted 
for  the  General  Reader,  8s. 

A Hebrew  Qrammar,  with  Bxeroiaea. 
By  the  same.  Part  I.  Ouiltnts  with  Extr* 
cises,  Svo.  12s.  6d  Key,  5x  Part  II. 
ctpiinnal  Forms  and  ConstructioHS,  12s.  6dL 

A Latin-English  Dictionary,  By 
J.  T.  White,  U.D.  of  Corpus  Christi  Col* 
lege,  and  J.  R.  Riddle,  hf.A.  of  St  Edmond 
Hall, Oxford.  Imp.  Svo.  pp.  2,128,  price42x 

A New  Latin*£xigliah  Dictionary, 
abridged  from  the  larger  work  uf  Whits  and 
RiddU  (as  above),  by  J.  T.  White,  D.D. 
Joint*Aulhor.  Svo.  pp.  1,048,  price  ISs. 

The  Junior  Scholar's  Latin-Bngliah 
Dictionary,  abridged  from  the  larger  works 
of  White  and  Riddte  (as  above),  by  J.  T. 
White,  D.D.  Square  12mo.  pp.  662,  price 
7s.  Gd 

An  Snglish-Oreek  Lexicon,  con- 
taining all  the  Greek  Words  used  by  Writers 
of  good  authority.  By  C.  D.  Yonob,  B.A. 
Fifth  Edition,  ito.  2lx 

Mr.  Yonge’s  New  Lexicon,  En- 
glish and  Greek,  abridgetl  from  his  larger 
work  (as  above).  Square  12mo.  Ss.  6d 
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A Oreek-Bnglish  Iiexicon.  Com-  ! 
piled  by  U.  G Liddell,  D.D.  Dean  of  | 
Christ  Charcb,  and  R.  Sooir,  D.D.  Matter  > 
ofBalliol.  Fifth  Edition,  crovn  4to.  81s.  6<L  i 
A Dezioon,  Greek  and  Sn^liah,  | 
abridged  from  Ltddrll  and  Scott’s  Grtek-  | 
£mgli$k  Ltxieon.  Eleventh  Edition,  aqaare  | 
12mo.  7t.  6d.  ' 

A Sanskrit-EngliBh  Dictionary}  I 

The  Sanskrit  words  printed  both  in  the 
original  Devanagari  and  in  Roman  letters ; 
with  Keferencea  to  the  Beat  Editions  of 
Sanskrit  Authors,  and  with  Etymologies 
and  Comparisons  of  Cognate  Words  chiefly 
in  Greek,  Latin,  Gothic,  and  Anglo-Saxon. 
Compiled  by  T.  Bufet.  8va  62a.  6dL 


A Fraotioal  Dictioiiaa*y-  of 

French  and  English  L.aBgIaa^g«a..  f « 
feasor  Leo.v  ^WTAwsiLAir.  masy 
French  Examiner  for  MilitAJTr  4SB*i 
Appointments,  Ac.  12tb  car 

revised.  Post  8to.  10s.  6^ 

Contanteau’a  Pocket  Oicti’rT 
French  and  English,  nbridgW'i  free: 
above  by  the  Author.  New  ElditiosL  ^ 
price  3*.  6d. 

New  Practical  Dictionary  of 

German  Langiuge ; Oennan  - Kn^ir.1. 
EnglUh-Gtfman.  By  the  B«t.  W 
Blacklet,  U.A^  ud  Dr.  Cxu.  M.J 
FmediaKder.  Poet  Svo.  7a.  ^ 


Miscellaneous  Works  and  Popular  Metaphysics. 


Leasons  of  Middle  Age,  with  some 
Account  of  the  Various  Cities  and  Men. 
By  A.  K.  H.  B.  Author  of  * The  Recreations 
of  a Country  Parson.*  Post  8vo.  8*. 
Beoreations  of  a Country  Parson. 
By  A.  K.  H.  B.  Secoxd  Se&ies.  Crown 
8vo.  3s.  6dL 

The  Commonplace  Philosopher  in 
Town  and  Country.  By  the  same  Author. 
Crown  8to.  3s.  (xL 

Leisure  Hours  in  Town ; Essays  Consola> 
tory,  ^thetical,  Moral,  Social,  and  Do- 
mestic. By  the  same.  Crown  8vo.  8s.  6d. 
The  Autumn  Holidays  of  a Country 
Parson.  By  the  same.  Crown  8vo.  8s.  6d. 
The  Graver  Thoughts  of  a Country 
Parson,  Secoxo  Sbiues.  By  the  same. 
Crown  Svo.  3s.  W. 

Oritioal  Kaaaya  of  a Country  Parson, 
selected  from  Essays  oontribnted  to  /Voser's 
M’iffoxime.  By  the  same.  Crown  Svo.  3s.  C<f 

Sunday  Afternoons  at  the  Parish 
Cnurch  of  a Scottish  University  City.  By 
the  same.  Crown  Svo.  3s.  6d 

Short  Studies  on  Orest  Subjects. 
By  Jaheo  Aetiiomy  Froude,  M.A.  Ut. 
Fellow  of  Exeter  College,  Oxford.  Second 
Edition,  complete  in  One  Volume.  8ro. 
price  12«. 

Studies  in  Parliament:  a Series  of 
Sketche.  of  Le«licg  Politicians  By  R.  II. 
Huttox.  (Reprinted  from  the  PaB  MaB 
GuttUe.)  Crown  8to.  4<.  6dl 

Iiord  Macaulay's  Misoellaneona 

Writinga 

Iabsabt  Eoitiox,  2 rola  Svo.  Portrait,  21>. 
PaoPLs'.  Eomox,  1 roL  crown  Sm.  4*.  td. 


The  Ber.  Sydney  Smitfals  1C 

celluieoa.  Work.;  inclnding  hi.  Cmarjt 
tions  to  the  Edmbmrgh  JZcvvk. 
Edition,  2 Tols.  crown  Svo.  8a 

Ellomentary  Sketohna  of  Moral 
tophy,  delivered  at  the  Royal  lasux.-- 
By  the  «une  Author.  Fcp.  da 

The  Wit  and  Wisdom  of  tb.  Be' 
SrainiT  Smitb  : a Salertion  of  tk«  Uf 
memorable  Puuges  in  hi.  Writsagi  m 
Conveixation.  16rao.  Si. 

Epigrams,  Ancient  and  Kodm 

Humornofi,  Witty,  Satirical,  Mora!. 
PaoegyncaL  Edited  by  R«t.  Jons 
B.A.  Cambridge.  Second  Editicia,  ivrsa 
and  enlaced.  Fcp.  7s.  6d. 

The  Folk-liore  of  the  Eorther: 

Counties  of  England  and  the  Borden, 
William  Hexukriujx.  With  an  Appea-j 
on  Household  Stories  by  the  Her.  6 
BAmno-GouLn.  Crown  Svo.  9a.  M. 

Christian  Schools  and  Scholars; 

or,  Skelchesof  Etluration  from  the  Chhitw 
Era  to  the  Council  of  Trent.  By  iheAaik- 
of  * The  Three  ChanccUora,*  Ac.  2 rola  In. 
price  80s. 

The  Pedigree  of  the  lgngi««h  Fso. 

pie ; an  Argument,  Hiatoricl  ud  ScMBtif  .. 
on  the  Etkmolog,  of  the  EnghdL  Br 
Tbom*.  Nicholas  M.A.  PhJ).  tn.  Ici 

The  English  and  their  Origin ; i 
Prologn.  to  .nthentic  Engluh  Hbtorr.  Br 
Litke  Owew  Pike,  M.A.  R.rriiter-<t-Liv 
8vo.  9«. 
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isa^s  Boleoted  ttom  Oontribu- 
ions  to  th«  UdiiUnirgk  Jbviav.  By  Hbxbt 
[tooBBB.  SmoDd  Editkm.  8 voU.  fcp.  21>. 

>ason  and  :TBith,  their  ClBtms  end 
Conflicts.  By  the  seme  Antbor.  New 
Kdition,  revit^  end  extended.  Crown  8vo. 
6«.  6d. 

lie  Bollpse  of  Faith;  or,  e Visit  to  i 
Religions  Sceptic.  By  the  seme  Antbor. 
Eleventh  Edition.  Fcp.  8s. 
lefenoe  of  the  EoUpee  of  Feltha  by  its 
Author.  Third  Edition.  Fcp.  3s.  6d 
leleotlonB  firom  the  Oorrespondenoe 
of  &.  E.  H.  Greyson.  By  the  same  Author. 
Third  Edition.  Crown  8vo.  7e  6d 

Dilips  firom  a German  Workshop ; 

being  Essays  on  the  Science  of  Religion, 
and  on  Mythology,  Traditions,  and  Customs.  | 
By  Max  Mullbr,  M.A.  Kellow  of  All  Sonls' 
College,  Oxford.  2 vols.  8vo.  21a 

Tbe  Secret  of  Hegel:  being  the  j 

HegelUn  System  in  Origin,  Principle,  Form, 
and  Matter.  By  Jaxks  Uutohisob  Stib- 
uxo.  2 vole.  8vo.  28s.  I 

An  Introduction  to  Mental  Phi* 

loeophy,  on  the  Inductive  Method.  By  i 
J.  D.  MoBBtL,  M.A  LL.D.  8ro.  12s. 

Elements  of  Fayohology,  containing  the 
Analysii  of  the  Inteilectnal  Powers.  By 
the  eame  Author.  Poet  8vo.  7a  &f. 


I The  Senses  and  the  Intellect. 

By  Alxxabdeb  Baix,  M.A  Prof,  of  Logic 
I in  the  Univ,  of  Aberdeen.  Second  Edition. 

' 8vo.  l&s. 

The  EmotiODB  and  the  Will,  by  the 
same  Antbor.  Second  Edition.  8vo.  16s. 
On  the  Study  of  Oharaoter,  including 
an  Estimate  of  Phrenology.  By  the  seme 
Author.  8vo.  9a 

Time  and  Spaoe:  a Metaphysical 

Essay.  By  SHADWORra  H.  Hodosov. 
8vo.  price  16a 

Occasional  Essays.  By  C.  W. 

UosKTHa,  Author  of*  Talps,  or  the  Chroni- 
cles of  a Clay  Farm,’  Ac.  16mo.  6s.  6d. 

The  Way  to  Best : Results  from  a 
Life-search  after  Religious  Truth.  By 
E Vauoiias,  D.D.  Crown  8vo.  7a  6if. 

From  Matter  to  Spirit.  By  Sopuia 
E.  Dr  Moroax.  With  s Preface  by  Pro- 
fessor Dr  Moroax.  Post  8vo.  8s.  6d. 

The  Philosophy  of  Necessity;  or. 

Natural  Law  as  applicable  to  Mental,  Moral, 
and  Social  Science.  By  Charues  Brat. 
Second  Edition.  8vo.  9s. 

The  Education  of  the  Feelings  and 
Affectiona  By  the  same  Anther.  Third 
Edition.  8ro.  8s.  6d. 

On  Foroe,  its  Mental  and  Moral  Corrs. 
latea.  By  the  same  Antbor.  8va  5s. 


Astronomy,  Meteorology,  Popular  Geography,  <^c. 

Outlines  of  Astronomy.  By  Sir  M'Cullooh’s  Dictionary,  Geogra- 


J.  F.  w.  UkiuciibIa,  Burt*  M.A.  Ninth 
Edition,  re>'ised  \ with  PUtes  mnd  WoodcaU. 
8to.  16<. 

Saturn  and  ita  System.  Rich-  ; 
ARD  A.  PROCTOU,  B.A.  lato  Scholar  of  St. 
John’s  Coll.  Camb.  and  King’s  Coll.  London. 
8vo.  with  14  plates,  14». 

The  Handbook  of  the  Btan.  By  the  ’ 
same  Author.  Square  icp.  8vo.  with  3 Maps.  i 
price  5s.  > 

Celestial  Objects  for  Common 
Telsecopea  By  T.  W.  Wbrb,  HJL  F.R.A.S.  , 
Revised  Edition,  with  Illasliations.  I 

[ iVearfy  ready. 

A Ganaral  Dictionary  of  Geo- 
graphy, Descriptive,  Pbyakal,  Sutiaticel, 
sod  Historical  ; ibrming  a complete 
Qasstteer  of  tbe  World. . By  A.  Kutr 
JoHiiToi»  F.R.8JL  New  Edition*  revised 
toJalyl867,  aTO.81s.6A 


pbical,  Statistical,  and  Historical,  of  the 
various  Countries,  Places,  and  principal 
Natural  Objects  in  the  World.  Revi^ 
Edition,  with  the  Statistical  Infbrmation 
throughout  brought  up  to  tbe  latest  returns. 
By  Frkdrhick  Martim.  4 vols.  8vo.  with 
coloured  Maps,  £i  4s. 

A Manual  of  Geography*  Physical, 
Industrial,  and  PolitlcaL  By  W.  Hvohks, 
F.R.Q.S.  Prof,  of  Geog.  in  King’s  CoU.  and  in 
Queen’s  Coll. Lend.  WlthSMapa  Fcp.7s.6d. 

Tho  States  of  the  Biver  Plate: 

their  Industries  and  Commerce,  Sheep 
Farming,  Sheep  Bresillng,  Cattle  Feeding, 
and  Meat  Preserving  i Uie  Employment  of 
Capital,  Land  and  Slock  and  their  Values, 
Labour  and  its  Remuneration.  ByWiLFaiD 
LaruAjr,  Buenos  Ayrat.  Second  Edition. 
8vo.  12a, 
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H&waii : tbe  Past,  Present,  and  Fatnre 
of  its  Islaod-Ringdom : an  Historical  Ac* 
eoont  of  tbe  Sandwich  Itlanda  BtMaklbt 
Hopkibs,  Hawaiian  ConsuUGeneral,  &c. 
Sec^d  Edition,  rerised  and  continned; 
with  Portrait,  ilap,  and  8 other  Illnatra* 
tioas.  Poet  8ra  12s.  6d. 


Maojader^a  ^Treaaury 

pbj,  Phx**^*^  Historical,  I 
PoliCicAl.  Edited  byW.  He 
With  7 «nd  J6  Plates. 

FhysioaJ  Gtoo^raphy  f 

and  Generait  Readers.  By  1 
i U*D.  Pep.  with  2 Charta,  S 


Natural  History  and  Popttlctr  Scierice. 


Elementary  Treatise  on  Physics, 

Experimental  and  Applied,  for  tbe  use  of 
Collegee  and  Schools  Translated  and  edited 
from  Gamot's  * Klemdnts  de  Physique ' ; 
(with  tbe  Autbor*s  sanction)  by  K.  Atkik- 
sox,  Pli.D.  F.CS.  New  Edition,  revised 
and  enlarged;  with  a Coloured  Plate  and 
620  Woodcuts*  Post  8vo.  15s. 

The  Elements  of  Physios  or 

Natural  Philosophy.  By  Neil  Abbott,  • 
M.D.  F.R.S.  Physician  Extraordinary  to  I 
the  Qoeeo.  Sixth  Edition,  rewritten  and 
completed.  2 Parts,  8vo.  21«. 

Dove’s  Law  of  Stonns,  considered  in 
connexion  with  tbe  ordinary  Movements  of 
the  Atmosphere.  Translated  by  R.  H. 
Bcott,  M.A.  T C.D.  8va  10s.  6dL 

Bocks  Classified  and  Described. 

By  Berbiiard  Vob  Cotta.  An  English  , 
Edition,  by  P.  H.  Lawrebck  (with  English, 
German,  and  French  S^monymes),  revised  ' 
by  the  Author.  Post  8vo.  Hs.  | 

Sound : s Coarse  of  Eight  Lectnres  deli*  | 
vered  at  tbe  Royal  Institution  of  Groat  ! 
Britain.  By  Professor  John  Ttboau.,  j 

LUD.  F.R.S.  Crown  8vo.  with  Portrait  | 
and  Woodcuts,  9s  I 

Heat  Considered  as  a Mode  of  ! 

Motion.  By  Professor  John  Tyndall,  | 

LL.D.  F.R.S.  Third  Edition,  Crown  8vo.  i 
with  Woodcuts,  10s.  6d.  { 

Light : Us  lu6uence  on  Li^e  and  Health.  ! 
By  FoRBRa  Winslow,  M.D.  D.C  L.  Oxon.  I 
(Hon.).  Fcp.  8vo.  Os.  ' 

An  Essay  on  Dew,  and  several  Ap- 
pearances connected  with  it.  By  W.  C. 
Wella.  Edited,  with  Aonotations,  by  L.  ' 

r.  Casella,  F.R.A.S.  and  an  Appendix  by 
R.  Strachan,  F.M.S.  8vo.  6s. 

A Treatise  on  Electricity,  in 

Tbeoiy*  and  Practice.  By  A.  Db  la  Rtvb, 
Prof,  in  the  Academy  of  Geneva.  Trans- 
lated by  C.  V.  Walkbr,  F.R.S.  8 Tola. 
8to.  wiUi  Woodcuts,  18s.  i 


A Prelxinxn.a.rT'  X>iB€K>iir} 

Study  oF  >k«(uraf  |Pbiloeop^ 
JoiiB  F.  \V.  YIbkssoiiel,.  E^s: 
Edition,  with  Vignette  Title. 

The  Correlation  of 

Forces.  By  W.  R.  Orowb;  Cl 
FifUx  Edition,  rmviaed,  smd  aogn 
Discourse  on  Continaity.  8vt 
The  sm  Cunfimvi/y, 

price  2f. 

ManiialofO-eolo^iT’.  ByS.Hj 
M.D.  F.R.S.  Fellow  of  Trin.  Cril 
of  (^1.  in  the  Uniw.  of  Doblic^ 
Edition,  with  66  WoodcaCs.  Fc?. 

A Quideto  CJoology.  B/J.B 

M A.  Prof,  of  GeoL  in  tbe  t'oiv.  «f 
Fifth  Edition.  Fcp.  4s. 

A Glossary  of  MiaenloG 

H,  W.  Bristow,  F.G.S,  of  the  G^> 
Survey  of  Great  Britain.  With  /• 

Crown  8vo.  6a. 


Van  Der  Hoeven’e  Handbooi 
Zooloot.  Tnta./«ted  from  tl»  S. 
Dutch  Edition  bv  the  Bar.  W.  Cu 
M.D.  F.R.S.  a void.  8to.  witi 
Figures,  60s. 


Professor  Owen’s  Leotares  t 

the  Comparative  Anatomy  and 
of  the  Invertebrate  AoimaU  ^ 
Edition,  with  235  YtoodcaU-  ^ 


The  Comparative  AnatoiH7  ^ 

Pb^’siology  of  the  Yertebntt  AniWi  . 
Richard  Ow'bv,  F.R.S.  D.(Xh-  * ^ 
8vo.  with  upward!  of 
VoLS.  I.  and  II.  price  2lt.  e«t- 
(completing  the  work)  U nesrU  resuf- 


The  First  Man  and  Bis 

Creetion,  eonaidu«i  on  lh«  Pri^^r" 
Common  Sense  from  i Chriftm 
View;  with  an  AppMdli  on  ' *V 
By  Georoe  Moore,  M.D.  M.R.C.P  !• 
Post  8to.  8>.  Gd. 
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lie  Primitive  Inliabitants  of  i 

ScandinaTU:  an  Euay  on  Comparatira  I 
Ethnography*  and  a contribution  to  the  I 
History  of  the  Developement  of  Mankind*  I 
Containing  a description  of  the  Implements,  j 
Dwellings,  Tombs,  and  Mode  of  Liriog  of  i 
the  Savages  in  the  North  of  Europe  duriog  I 
the  Stone  Age.  By  Svex  NilsvOs.  Trans*  ' 
lated  fkom  the  Author's  MS.  of  the  Third  ; 
Edition  ; with  an  Introdnctioo  by  Sir  JoHir  I 
Lubbock.  8to.  with  numeroos  Plates. 

[ Nearly  ready. 

Tlie  Ziake  Dwellings  of  Switzer- 
land and  other  Parte  of  Europe.  By  Dr.  F. 
KKL.UKK,  Preeident  of  the  Antiquarian  Asso- 
ciation of  Zt&rich.  Translated  and  arranged 
by  J.  E.  Lxb,  F.8.A.  F.Q.8.  Author  of 
* Tsca  Silurum.’  With  several  Woodcuts 
and  nearly  100  Plates  of  Figures.  Royal 
8to.  Sis.  6dl 

Homes  without  Hands:  a Deeerip- 
tion  of  the  Habitations  of  Animals,  classed 
according  to  their  Principle  of  Construction. 
By  Rev.  J.  G.Wood,  M.A.  F.L.8.  With 
about  140  Vignettes  on  Wood  (20  full  size 
^ of  page).  Second  Edition.  8vo.  21s. 

J Bible  AT>imAJ«  • being  an  Account  of  tho 
various  Birds,  Beasts,  Fishes,  and  other 
Animals  mentioned  in  (ho  Holy  Scriptures. 
By  the  Rev.  J.  G.  Wood,  M.A.  F.LS. 
Copiously  Illustrated  with  Original  Deeign*, 
made  under  the  Author's  superiutendenca 
I and  engraved  on  Wood.  lu  course  of  pub- 
lication monthly,  to  be  completed  in  20 
Parts,  price  Is.  each,  forming  One  Volume, 
uniform  with  * Homes  without  Hands.* 

The  Harmonies  of  Nature  and 

Unity  of  Creation.  By  Dr.  G.  Haktwio, 
8vo.  with  numerous  Illustrations,  18s. 

The  Boa  and  its  Living  Wonders.  By 
the  same  Author.  Third  Edition,  enlarged. 
8to.  with  many  lUustrations,  21s. 

The  Tropical  World.  By  the  same  Author. 
With  8 Chromoxylographs  and  172  Wood- 
cuts. 8to.  2 Is. 

The  Polar  World:  a Popular  Account  of 
Nature  and  Man  in  the  Arctic  and  Antarctic 
Regions.  By  the  same  Author.  8vo.  with 
numerous  Illustrations.  [ Nearly  ready. 

Ceylon.  By  Sir  J.  Emersok  Tr.\nknt, 
K.C  8.  LL.D.  6th  Edition ; with  Maps,  &c. 
sad  90  Wood  Engravings.  2 vols.  8vo. 
£2  10s. 

The  Wild  Elephant,  ite  Stnioture  and 
Hsbili,  with  the  Method  of  Taking  and 
Tndniag  it  in  Ceylon.  By  the  seme 
Author.  Fcp.  with  22  Woodenta,  8s.  6d. 


Manual  of  Corals  and  Sea  Jellies. 
By  J.  R.  Gbkkive,  B.A.  Eilited  by  J.  A. 
GuasAiTB,  M.A.  and  S.  Hauortok,  M.D. 
Fcp.  with  89  Woodcuts,  6s. 

Manual  of  Sponges  end  Animalculas ; 
with  a General  Introduction  on  the  Princi- 
ples of  Zoology.  By  the  same  Author  and 
Editors  Fco  with  16  Woodcuts.  2s. 

Manual  of  the  Metalloids.  By  J.  Apjobw, 
M.D.  F.R.S.  and  the  same  Editors.  2nd 
Edition.  Fcp.  with  38  Woodcuts,  7s.  Sd, 

A Familiar  History  of  Birds. 

By  E Staulst,  D.D.  late  Lord  Bishop  of 
Norwich.  Fcp.  with  Woodcuts,  3s.  Gd!. 

Kirby  and  Spence’s  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Insects.  Crown  8va  6s. 

Maunder’s  Treasury  of  Natriral 

History,  or  Popular  Dictionary  of  Zoology. 
Revised  and  corrected  by  T.  S.  Cobbou>, 
M.D.  Fcp.  with  900  Woodcuts,  10s, 

The  Elements  of  Botany  for 

Families  and  Schools.  Tenth  Edition,  re- 
viseil  by  Thomas  Moork,  F.L.S.  Fcp. 
with  164  Woodcut-s  2s.  6d. 

The  Treasury  of  Botany,  or 

Popular  Dictionary  of  the  Vegetable  King- 
dom; with  which  is  incorporsted  a Glos- 
sary of  Botaniesi  Terms.  Edited  by 
J.  LnrDurr,  F.RS.  and  T.  Moore,  F.L.8. 
osiisted.  by  eminent  Contribntors.  Pp. 

I, 274,  with  274  Woodcuts  and  20  Sted 
Plates.  2 Parts,  fcp.  20s. 

The  British  Flora ; comprUing  the 
Phsnogamous  or  Flowering  Plants  and  the 
Ferns.  By  Sir  W.J.  Hooker,  R.11.  and 
G.  A.  Walkbr^Arrott,  LLD.  12mo. 
with  12  Plates,  14s.  or  coloured,  21s. 

The  Hose  Amateur’s  Quido.  By 

Thomas  Rivbus.  New  Edition.  Fcp.  4s. 

liOudou’sKnoyolopoedia  of  Plants; 

comprising  the  8|)«ci6c  Character,  Descrip- 
tion, Culture,  History,  Ac.  of  oli  the  Plants 
found  in  Great  Britain.  With  upwards  of 
12,000  Woodcut*.  8vo.  42s. 

Ifoudon'e  Enoyolopmlia  of  Trees  and 
Shrubs;  containing  the  Hardy  Tress  and 
Shrubs  of  Great  ^tain  scientifically  and 
popularly  described.  With  2,000  Woodcuts, 
Svo.  60s, 

Maunder’s  Scientiflo  and  Iiite- 

rary  Treasury ; a Popular  Encyclopedia  of 
Science,  Literature, and  Art  New  Edition, 
thoroughly  revised  and  in  great  part  re- 
written, ^th  above  1,000  new  article%.^ 

J.  r.  JoHSioH.Coir.  U.Z.&.  Fcp.  10«  " 
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A Dictionary  of  Science,  Litera- 

tar«,  «nd  Art.  Fourth  F.diUon,  r«-editcd 
by  Iho  UU  W.  T.  Braxdk  (lb«  Author) 
aud  Geoboe  W.  Coe,  M.A.  8 toU.  medium 
8vo.  price  68a  cloth. 


Essays  from  the  Kdixibnrg^  ac: 

Quaritrlf  Striae*  ; irith  Adilresaes  ar 
other  Piecea.  By  Sir  J.  F.  W.  H . 

Bart.  M.A.  8ro.  18a 


Chemistry,  Medicine,  Surgery,  and  the  Allied  Science*. 


A Dictionary  of  Chemistry  and 

the  Allied  Brancbee  of  other  Feiencea.  By 
Heert  Watts,  F.C.S.  assisted  by  eminent 
Contribntors.  5 vola  medium  8vo.  in 
course  of  publication  in  Parts.  Voi*  I, 
81a  6<f.  VoL.  II.  26a  Vou  III.  81a  6d. 
and  VoL,  IV.  24a.  are  now  ready. 

Handbook  of  Chemical  Analysis, 

adapted  to  the  Unitary  System  of  Notation. 
By  F.  T.  Co.NiNOTOX,  SI  A.  F.C.S.  Post 
8vo.  7a.  6rf. 

Conington’s  Tables  of  Qualitative 
Analyti’,  to  accompany  tlie  above, 

Elements  of  Chemistry,  Theore- 
tical and  Practical.  By  Wii.Lrsii  A. 
Miller,  M.D.  LL.D.  Professor  of  Chemis- 
try, King’s  College,  London.  8 vois.  8vo. 
£3.  Part  I.  Chemical  Phtsics,  nevised 
Edition,  1 5a  Part  1L  Isoroario  Che- 
mistry, 21a  Part  III.  Oboario  Che- 
mistry, 24a 

A Manual  of  Chemistry,  De-  i 

scriptive  and  Theoretical.  By  Wii.liam  j 
OOLIRO.  M R F.R.S.  Part  I.  8vo.  9a  ' 
Part  II  nearly  ready. 

A Course  of  Praotloal  Ohemlstry,  for  the 
use  of  Medical  Studenta  By  the  same 
Author.  New  Edition,  with  70  new 
Woodcuta  Crown  8vo.  7a  Gd. 

Iieotures  on  Animal  OhemlstTy  Delivered 
at  the  Royal  College  of  Physicians  in  1865. 
By  the  same  Author.  Crown  8vo.  4a  M. 

The  Toxicol'"  ,,st’s  Guide : a New 

Manual  on  Poisons,  giving  the  Best  Methods 
to  be  pursued  for  the  Detection  of  Poisons 
By  J.  IIOBBLET,  F.C.S.  Analytical  Chemist 
Post  8vo.  8a.  6il. 

The  Diagnosis,  Pathology,  and 

Treatment  of  Diseases  of  Women ; including 
the  Diagnosis  of  Pregnancy.  By  GRAtLT 
Hewitt,  M.D.  Ac.  Second  Edition,  en- 
larged; with  116  Woodcut  Illnstrationa 

**0.  2Ia. 


: Lectures  on  the  Diaeasee  of  hr 

fancy  and  Childhood.  By  Charulo  Wssl 
ILD.  Ac.  5th  Edition,  revised  and  eslsrsas. 
8yo.  16a. 

Exposition  of  the  Signs  cac 

Symptoms  of  Pregnancy:  with  other  Pasc- 
on  aobjecta  connected  with  Midwifrrv. 

W.  F.  Hortgomebt,  M.A.  M.D.  M.EJ.I 
8vo.  with  Illastrations,  25*. 

A System  of  Surgery,  Theoretha; 

I and  Practical,  in  Treatiaas  by  Tsva 
j Anthora  Edited  by  T.  Uolmbs,  JtA. 
Cantab.  Assistant-Surgeon  to  St.  G&xigti 
HospitaL  4 Tola  8vo.  £i  ISa 
VoL  I.  General  Fatholoar,  21'- 
VoL  II.  Ijooal  Injnriea;  Qun.ehot  Vwsdi 
Injnriea  of  the  Head,  Back.  Face,  Nao. 
Chest,  Abdomen,  Pelvia,  of  the  Upper  at 
Lower  Eztremitiea,  and  Diaeasee  af  lb 
Eya  2U 

Vol.  111.  Operative  Buraery.  Diaeun 
of  the  Organa  of  Citcnlaii-sn,  Locooetat 
Ac.  21a 

Vol.  rv.  Diseases  of  the  Organs  cf 
Digestion,  of  the  Genito-lTrinary  Sroa. 
and  of  the  Breast,  Thyroid  Giand,  and  8ka : 
with  ArrERDix  and  Gereral  Lbkex.  Ks 

Leotures  on  the  Principles  acd 

Practice  of  Physic.  By  Thomas  Wsrecs. 
M.D.  Phytidan-Extraordinary  to  th> 
Queen.  New  Edition  in  preparation. 

Leotures  on  Snrgioal  Pathology. 
By  J.  PaoBT,  F.R.R  Surgeon- EatTaoediasn 
to  the  Queen.  Edited  by  W,  TmRaB,lt.8 
New  Edition  in  preparation. 

A Treatise  on  the  Continued 
Fevers  of  Great  Britain.  By  C.  Urat-msew. 
M.D.  Senior  Physidan  to  the  London  Feier 
HoepitaL  Svo.  with  coloured  Platm.  10. 

Outlines  of  Physiology,  ncunaix 

and  Comparatives  Dy  John  Mar.<<hau. 
F.R.C.S.  Profeuor  of  Surgery  in  Uaivemtv 
College,  London,  and  Sorgoon  to  the  Uii* 
veraity  College  Ho^>iuL  S rela  cravn 
with  122  Woodcuta,82a 
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^jQAtomy,  Besoriptive  and  Sur- 
real. Bj  Hbbbt  Gbat,  FJI.S.  With 
410  Wood  EogrsTing*  ftom  Diaaectiona 
Fourth  Editk>n,b7T.HoLitBB,lLA.  Cantab. 
Boyal  8m  28j. 

Th.e  Cyclopaedia  of  Anatomy  and 
Physiology.  Edited  by  the  iate  & B.  Todd, 
M.D.  F.B.S.  Aesieted  by  nearly  all  the 
most  eminent  cnltiniton  of  Physiological 
Science  of  the  present  age.  6 vole.  Svo. 
with  S,858  Woodenta,  £6  6a. 

Phyaiologioal  Anatomy  and  Fby- 
aiology  of  Man.  By  the  late  B.  B.  Todd, 
H.D.  F.aa  and  W.  Bowmab,  P.B.S.  of 
King's  College.  With  nnmeroua  Iliostra- 
ttons.  Yol.  11.  Svo.  26s. 

Voi_l.  New  Edition  by  Dr.  Liobkl  S. 
liKAi.e,  F.R.S.  in  coarse  of  publication ; 
Padt  1.  with  8 Plates,  7s.  6d: 

Histological  Bemonatrations ; a 

Guide  to  the  Microscopical  Examination  of 
the  Animal  Tissues  in  Health  and  Disease, 
for  the  use  of  the  Medical  and  Veterinary 
Professiona  By  Q.  IIablet,  M.D.  F.R.9. 
Prof,  in  Univ.  Coll  London ; and  Q.  T. 
j Browb,  M.R.C.V.S.  Professor  of  Veteri- 
nary Medicine,  and  one  of  the  Inspecting 
Offleera  in  the  Cattle  Plague  Department 
of  the  Privy  CounciL  Post  Svo.  with  223 
Woodcuta  12a. 

A Bictionary  of  Practical  Medi- 
I cine.  By  J.  CopiJtBD,  H.D.  F.AS. 
Abridged  from  the  larger  work  by  the 
Author,  assisted  by  J.  C.  UorutBD,  1LR.(X A 
and  throughout  brought  down  to  Use  pta- 
, sent  state  of  Medical  Science.  Pp.  1,660, 
in  Svo.  price  86a. 


The  Works  of  Sir  B.  C.  Brodie, 

Bart.  ooUacisd  and  arranged  by  Charlhs 
Hawkibs,  F.K.C.AE.  8 voia.  Svo.  with 
Uedailion  and  Facaimile,  48a. 

A Hanual  of  Materia  Medica 

and  Thera  peulica,  abridged  from  Dr. 
PoBBUiA'a  Eltauntt  by  F.  J.  Farhb,  M.D. 
amisted  by  K.  Usbtlst,  M.R.C.S.  and  by 
R.  Wabuotob,  F.R.A  1 voL  tm  with 
90  Woodcuts,  21a 

Thomson’s  Conspectus  of  the 

British  Pbarmacopceia.  Twenty-fourtb 
Edition,  corrected  by  E.  Lu>vd  Birxett, 
MJ>.  18mo.6A6dL 

Manual  of  the  Bomestio  Practice 

of  Medicina  By  W.  B.  KjtarxvRB, 
F.R.C.S.E.  Third  Edition,  thoroughly 
revised,  with  Additiona  Fcp.  5a 

Sea-Air  and  Sea-Bathing  for 

Children  and  Invalids.  By  Wir.UAM 
Straxoe,  M.D.  Fcp.  8a 

The  Bestoration  of  Health;  or, 

the  Application  of  the  Lawa  of  Hygiene  to 
the  Rmvery  of  Health : a Manual  for  the 
Invalid,  and  a Guide  in  the  Sick  Room. 
By  W.  SrRABOR,  6LD.  Fcp.  6a 

Gymnasts  and  Gymnastics.  By 
JoiiB  H.  Howard,  late  Professor  of  Gym- 
naaticA  Comm.  Coll.  .Ripponden.  Second 
Edition,  reviacd  and  enlarged,  with  various 
Selectioiu  from  tlie  belt  Authors,  contaioing 
446  Exercises;  and  illustrated  with  186 
WoodcuU,  including  the  moet  Recent  Im- 
provementa  in  the  Afferent  Apparatua  now 
used  in  the  various  Clubs,  Ac.  Crown  Svo. 
10a  6<f. 


I The  Fine  Arts,  and 

t 

Half-Hour  Lectures  on  the  His-  j 
tory  and  Practice  of  the  Fine  and  Oma-  I 
mental  ArtA  By  W.  B.  Scott.  Second  I 
Edition.  Crown  Svo.  with  60  Woodcut  ; 
lUttstrations,  8s.  6<t 

An  Introduction  to  the  Study  of 

National  Muaic;  Comprising  He  searches 
I into  Popular  Songs,  TraditiouA  and  Cna- 

, loiUA  By  Carl  Eboku  With  Frontia- 

I pises  lud  numerous  Mnaicsl  lllustrationA 

^ Svo.  16a 

Lectures  on  the  History  of  Modem 

Music,  delivered  at  the  Royal  InaUtntion. 

I By  JoHB  HvLutR.  Fibst  CoDSaR,  with 

I Chronological  Tablet,  poet  Svo.  6a 

I Biooiio  CoDRaa,  the  Tranaition  Period, 

I with  26  Specimena,  8m  16a 


Illustrated  Editions. 

The  Chorale  Book  for  England  ; 

a complete  Hymn-Book  in  accordance  with 
the  Servicea  and  Feativala  of  the  Chorch  of 
England : the  Hymna  tranolated  by  Miaa  C. 
WiBKWoBTB;  the  Tnnes  arranged  by  Prof . 
W.  S.  IlRBBRTT  and  Otto  GoLDeemoDT. 
Fcp.  4to.  12a  6dL 

j Congregational  Edition.  Fcp.  is, 

I Six  Lectures  on  Harmony.  De- 

I livered  at  the  Royal  Institution  of  Great 
I Britain  before  Easter  1867.  By  G.  A. 

I Macfarurb.  Svo.  10a  6d. 

Sacred  Music  for  Family  Use ; 

A Selection  of  Pieces  for  Ona,  Two,  or  more 
VoicoA  from  the  beat  Composers,  ForeigTi 
and  English.  Edited  by  Johb  Hnmui. 

1 vol.  music  folio,  21a 
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The  New  Testameat,  Uluatrated  with 
Wood  Engraving  after  the  Early  Masters, 
chiefly  of  the  Italian  SchooL  Crown  4to. 
68s.  doth,  gilt  top ) or  X5  6s.  morocco. 

Iiyra  Oermonioa,  the  Christian  Year. 
Translated  by  Catubbibb  Wibkwobth; 
with  1S6  Illnstrations  on  Wood  drawn  by 
J.  LBiaHTon,  F.S.A.  Qaaito,  21a 
Iiyra  aermanica.  the  Christian  Life. 
TVanslated  by  Catheuibe  Wiskwobtii; 
with  abont  200  Woodcut  lilustrations  by 
J.  Leiqiitob,  F.S..\.  and  otber  Artists. 
Quarto,  21s. 

The  Iiife  of  llan  Symbolised  by 
the  Months  of  the  Tear  in  their  Seasons 
and  Phases;  with  Passages  selected  from 
Ancient  and  Modem  Authors.  By  Bichabd 
PiooT.  Accompanied  by  a Series  of  26 
full.page  Illustrations  and  numerous  Mar* 
glnal  Devices,  Decorative  Initial  Letters, 
and  Tailpieces,  engraved  on  Wood  from 
Original  Designs  by  JoHB  Lkiobtob, 
F.S.A,  Quarto,  42s. 

Gats’  and  Farlie’s  Moral  Em- 

blems ; with  Aphoruma»  Adiige«,  and  Pro- 
yerbs  of  all  Nations  : comprising  121  j 
lUostrations  on  Wood  by  J.  Lsxoirrozry  . 
F.S.A.  with  an  appropriate  Text  by 
Be  Floor.  Imperial  8ro.  Sli.  6dL  < 


I Shakspeare’s  SentunenU 

) Similee  printed  in  Black  aad  GohL  and  Xlat- 
1 minated  in  Uie  Missal  style  by  Uxvbt  Smmez 
I HoifPBUTs.  In  mensirr  coven*  cectea^-z 
I the  Medallion  and  Cypher  of  Shakspeaer: 
Square  poet  Svo.  21s. 

Sacred  and  IiO^ndary  An.  B 

^ Mrs.JAMxao9.  With  nomerocs 
I and  Woodcut  lUostratlona.  6 roll,  s^snr* 
crown  8vo.  price  loa.  6d.  r 

£12  12s.  bound  in  morocco  by  T 

be  bad  also  in  cloth  only,  in  Focn 
as  follows : — 

I IfOgenda  of  the  Bainte  end  JCar^rrs. 
Fifth  Edition,  with  19  Etchings  UC 
Woodcuts.  3 Tols.  square  crown 
81j.6d. 

liOgenda  of  the  Monaatlo  Orders.  Tb:- 
Edition,  with  11  Etchings  and  88  Woe^a. 

1 yoL  square  crown  8row  21a. 

, liegenda  of  the  Third 

with  27  Etchings  I&5  Wootksa  . 
toL  square  crown  8 VO.  21a. 

The  History  of  Our  Lhord,  as 
. in  Works  of  Art.  Completed  by  Lniy 
XaSkb.  Second  Edition,  with  13 
and  281  Woodcuts.  2 toIsw  aqeare 
8ro.  42a. 


Arts,  Manufactures, 


Drawing  IPom  Nature ; a Seriea  of  j 

Progressive  Instructions  in  Sketching,  from 
Elementary  Studies  to  Finished  Views, 
with  Examples  from  Switzerland  and  the 
Pyrenees.  By  Qeorob  Barbabd,  Pro- 
fessor of  Drawing  at  Rugby  School.  With 
18  Lithographic  Plates  and  108  Wood  En- 
gravings. Imp.  8vo.  26s.  or  in  Three  Parts, 
royal  8ro.  7s.  Gif.  each. 

Gwilt’s  Enoyolopeedia  of  Archi- 
tecture. Fifth  Edition,  with  Alterations 
and  considerable  Additions,  by  Wtatt 
Pai>wurtii.  Additionally  illustrated  with 
nearly  400  Wood  Engravings  by  O. 
Jewitt,  and  upwards  of  100  otber  new 
Woodcuts.  8vo.  5ti.  6dL 

Tuscan  Sculptors,  their  Zaives,  ! 

Works,  and  Times.  With  46  Etchings  and 
28  Woodcuts  from  Original  Drawings  and  ^ 
Photographs.  By  Cuarlbs  C.  Pbbeibs.  | 
2 Tols.  imp.  8vo.  68s. 


Original  Designs  for  Wood-Ouw- 

ing,  with  Practical  IrutrucUoru  ia  the  Ar. 
By  A.  F.  B.  With  20  Plates  of  IQustzac.'C! 
engraved  on  Wood.  Quarto,  18c. 

The  Grammar  of  Heraldry:  Re- 
taining a Deacription  of  all  tho  Prmo,. 
> Charges  oaod  in  Armory,  ths  SigaiScatBC 
of  Heraldic  Terms,  and  the  Hitlos  ts  is 
observed  in  Blaxoniog  and  MosiftABiB; 
By  JoHB  £.  CussAsa  Frp.  with  M 
Woodcuts,  4s.  Get 

Hinta  on  Household  Taste  i: 

Furniture  and  Decoration.  By  CmajuasL 
Easteakk,  Architect.  With  nuiaerau  Ula- 
trations  engraved  oa  Wood.  [Aaor^ 

The  Engineer’s  Handbook ; sx- 

ploiiiing  the  Principles  which  sboirid  gmOi 
tho  young  Engineer  In  tho  Coo^netioo  sf 
Machinery.  ByC.B.lA>WBDBB  PoMtewia 
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tie  Elements  of  Hechanism. 
By  T.  M.  Goodetb,  M.A.  Prof,  of  Me- 
chanics at  the  K M.  Acad.  Woolwich. 
Second  Edition,  with  217  WoodcaU.  Post 
8vo.  6s.  6dL 


Oateohiam  of  the  Steam  Engine, 
in  its  Tsrious  Applications  to  Hines,  Miils, 
Steam  Kavlgation,  Railways,  and  Agricui- 
ture.  By  John  Bourhb,C.E  New  Edition, 
with  139  Woodcuts.  Fcp.  6s. 


Ire’s  Dictionary  of  Arts,  Manu* 

factorea,  and  Mines.  Sixth  Edition,  chiefly 
rc-written  and  greatly  enlarged  by  Robert 
Heirr,  F.R.S.,  assisted  by  numeroos  Con- 
tributors eminent  in  Science  and  the  Arts, 
and  familiar  with  Manufactures.  With 
2,000  Woodcuts.  8 toIs.  medium  8to. 
£A  14s.  C<f 

Prestise  on  Mills  and  Millwork. 
By  W.  FaiBBAiBif,  C.E.  F.R.S.  With  18 
Plates  and  822  Woodcuts.  2 to1s.8to.  82s. 

Uaeful  Information  for  Engineers.  By 
the  same  Author.  First,  Secosn,  and 
Third  Sertes,  with  many  Plates  and 
Woodcuts.  8 vola  crown  8vo.  10s.  M.  each. 

The  Application  of  Coat  and  Wrought 
Iron  to  Building  Purposes.  By  the  same 
Author.  Third  Edition,  with  6 Plates  and 
118  Woodcuts.  8ro.  16s. 

Iron  Ship  Building,  its  History 

and  Progress,  as  comprised  in  a Series  of 
Experimental  Researchee  on  the  Laws  of 
Strain;  the  Strengths,  Forms,  and  other 
conditions  of  the  Material  i and  an  Inquiry 
into  the  Present  and  Proepectire  State  of 
the  Nary,  inclnding  the  Experimental 
Beaulta  on  the  Resisting  Powers  of  Armour 
Plates  and  Shot  at  High  Yelocitiee.  By 
W.  FaiKBaiRN,  C.E.  FJi.S.  With  4 Plates 
and  180  Woodcute,  8ro.  16s. 

Encyolopeedia  of  Civil  Engineer- 
ing, Historical,  Theoretical,  and  Practical. 
By  E.  CuEST,  C.E  With  abort  8,000 
Woodcuts.  8ro.  42s. 

The  Artisan  Club’s  Trestiss  on 
the  Steem  Engine,  in  its  rarione  Applica- 
tions to  Mines,  Mills,  Steam  Narigation, 
Railways,  and  Agriculture.  By  J.  Bodbes, 
GE.  New  Edition;  with  37  Plates  and 
M6  Woodcuts.  4to.  42s. 

A Treatise  on  the  Screw  Pro- 
peller, Screw  Veeaele,  and  Screw  Engines, 
IS  sdsptsd  for  purposes  of  Pesce  and  War; 
with  notices  of  other  Methods  of  Propulsion, 
Tablee  of  the  Dimensioiu  and  Performance 
of  Screw  Steamers,  end  Detailed  Bpedtea- 
tiou  of  Ships  and  Engines  By  the  seme 
Atthor,  Third  Edition,  with  64  Plates  end 
287  Woodcuts.  Quarto,  68a 


Handbook  of  the  Steam  Engine,  by  the 
same  Author,  forming  a Key  to  the  Cate- 
chism of  the  Steam  Engine,  with  67  Wood- 
cuts Fcp.  9s. 

A History  of  the  Machine- 

Wrought  Hosiery  and  Lacs  Maoufacturea. 
By  William  Feliu^,  F.L.S.  F.S.S.  With 
8 Steel  Plates,  10  Lithographic  Plates  of 
Machinery,  and  10  Coloured  Impreasions  of 
Patterns  of  Lace.  Beyat  8ro.  21s. 

Manual  of  Practical  Assaying, 

for  the  use  of  Metallurgists,  Captains  of 
Mines,  and  Assayers  in  general;  with 
copious  Tables  for  Ascertaining  in  Assays 
of  Gold  and  Silver  the  precise  amount  in 
Ounces,  Pennyweights,  and  Grains  of  Noble 
Metal  contained  in  One  Ton  of  Ore  from  a 
GiTen  Quantity.  By  Joiix  Mitchell, 
F.C.S.  8vo.  with  360  Woodcuts,  21s. 

The  Art  of  Perfumery  ; the  HUtory 
and  'i'heory  of  Odours,  and  the  Methods  of 
Extracting  the  Aromas  of  Plants.  By 
Dr.  PiBssE,  F.C.S.  Third  Edition,  with 
68  Woodcuta  Crown  8yo.  10a  6dL 

Ohemicol,  Haturol,  and  Fhyslool  Maglo, 
for  Javeniles  during  the  Holidays.  By  the 
some  Anthor.  Third  Edition,  enlarged 
with  88  Woodcuta.  Fcp.  6a 

Loudon’s  Encyclopsedia  of  Agri- 

cnlture;  Comprising  the  Laying -out.  Im- 
provement, and  Management  of  Landed 
Property,  and  the  Cultivation  and  Economy 
of  the  Prodactions  of  Agricoltura.  With 
LlOO  Woodenta  8ro.  31a  6dL 

Loudon’e  Enoyclopsedia  of  Gardening : 
Comprising  the  Theory  end  Prsctice  of 
Horticulture,  Floriculture,  Arboriculture, 
and  Londsespe  Gardening.  With  1,000 
Woodcuta  Svo.  81s.  6dl 

Isondon’s  Eneyolopeedia  of  Cottage,  Form, 
and  Villa  Architecture  and  Furniture.  With 
more  than  2,000  IVoodcula  8vo.  42a 

Garden  Arohiteoture  and  Land- 
scape Gardening,  illnstrsting  the  Architec- 
tural Embellishment  of  Gardens  ; with  Re- 
marks on  Landscape  Gardening  in  ita  rela- 
tion to  Architecture.  By  John  Arthdb 
HuQUEa  8vo.  with  194  Woodcuts,  14a 

Bayldon’s  Art  of  Valuing  Bents 
end  TUIagea,  and  Coims  of  Teoanta  npon 
Quitting  Farms,  both  at  Micheelmss  end 
Lidy-Day.  Eighth  Edition,  revised  by 
J.G  Morton.  Svo.  10a6«i 
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Religious  and 

An  Ei^position  of  the  38  Articles, 

Uistorical  and  Doctrinal.  By  E.  IIakuld 
Browbe,  D.D.  Lord Buhopof  Ely.  Serenth 
Edition.  Sto.  16a. 

Examlnation-Questiona  on  Bishop 
Browne'a  Exposition  of  tbs  Artklea.  By 
tbs  Rst.  J.  UoHuc,  H.A.  Fcp.  3a.6<L 

The  Life  and  Beig^  of  David 
King  of  Israel.  By  Gaottox  Shith,  LL.D. 
F.A.d.  Croira  8vo.  7a  6oL 

The  Acta  of  the  Apostles ; «itb  a 

Commentary,  and  Practical  and  Devotional 
Suggestions  for  Readers  and  Students  of  the 
English  Bible.  By  the  Kev.  F.  C.  Cook, 
M.A.,  Canon  of  Exeter,  Ac.  New  Edition, 

8 VO.  12a.  Od. 

The  Life  and  DpisUes  of  Bt. 
PauL  By  W.  J.  CoxrBXAHK,  M.A.  late 
Fellow  of  Ttin.  CoU.  Cantab,  and  J.  S. 
Uowsob,  D.D.  Principal  of  Liverpool  CoU. 

Libbakt  Ei>mo!i,  with  all  the  Original 
lllostrations.  Maps,  Landscapes  on  Steel, 
Woodcuts,  Ac.  2 vols.  4to.  48a. 

Ixtbrhkdiatb  EDmotf,  with  a Selection 
of  Haps,  Plates,  and  Wtmdcnta.  2 vola. 
square  crown  8vo.  81a.  6d. 

Pxoplb's  Editiob,  revised  and  con- 
densed, with  46  Illaatrationt  and  Uape. 

2 vois.  crown  8vu.  12a. 

The  Voyage  and  Shipwreck  of 
St.  Paul ; with  Disaertaliana  on  the  Ships 
and  Navigation  of  the  Ancients.  ByjAMXB 
Shitii,  F.K.S.  Crown  8vo.  Charts,  10a.  6d. 

Evidence  of  the  Truth  of  the 

Christian  Religion  derived  from  the  Literal 
Fulfilment  of  Prophecy,  particularly  as 
Illustrated  by  the  History  of  the  Jews,  and 
the  DiKOveriei  of  Recent  Travellers.  By 
Alkxa^dkr  Kritii,  D.D.  87th  Edition, 
with  numeroQt  Plates,  in  square  Svo. 
l*2t.  6(/, ; also  the  39th  Edition,  in  post  8vo. 
with  5 Plates,  6a. 

The  History  and  Destiny  of  the  World 
and  of  the  Church,  according  to  Scripture. 
By  the  same  Author.  Square  8vo.  with  40 
llluftrations,  10a. 

History  of  Israel  to  the  Death 
of  Moses.  By  Hkiicrich  Ewald,  Pro- 
* fessor  of  ths  University  of  GhtUngen. 
Translsted  from  the  QermsD.  Edited,  with 
a Preface,  by  Russell  Martimeau,  M.A. 
Professor  of  Hebrew  in  Manchester  Ne%v 
College,  London.  8vo.  18a.] 


Moral  Wor^s. 


A Critical  and  Gramxciatica 

mentaiy  on  Su  Paol*a 

Elucott,  D.D.  La>rd  BLnlsop  aid  O 

and  BriatoL  Svo. 

Qalatiana,  Third  Edition.  S«. 
Epheaiana,  Fourth  Editioza,  Sw.  Cii. 
Pastoral  EpUtles.  Third  EdilioB.  :i 
PhiUppians,  Coloasiaxui.  Ft; 

Third  Edition,  10a.  6tL 
Theisaloniana,  Third  Editioo.  7a.  tsd 

Historical  Iiecrtures  oxt  thB  1 

Our  Lord  Jeans  Christ ; beixa^  ah«  1 
l.ectures  for  1869.  By  the  aam- 
Fourth  Edition.  Bvo.  lOa.  SaA. 

The  Destiny  of  the  Creatxxre  ; ax 
Sermons  preached  before  th«  LTaaiwe 
Cambridge.  By  the  same.  Fowl  Sv 

TheQreek  Testament ; wltli  H 

Grammatical  and  ExegeticaL  Bw  th 
W.  Webstkb,  MA.  and  the  Hfew. 
WiiJinfsox,  M.A.  2 vola.  8voi.  JC3  4 
Vou  1.  the  Goepels  and  Acts,  20a. 
Voi.  II.  the  Epiatlea  and  ApocaJv-pr 

An  Introduction  to  tho  Stud 

the  New  Testament,  Critical,  Kxes- 
and  IheoIogicaL  Dy  the  Rev.  S.  Davn 
D.D.  LL.D.  2 toIb.  Svo.  C-f"  the  fn 

Hev.  T,  H.  Home’s  Inteoctuc! 

to  the  Critical  Study  and  Knowledge  al 
Holy  Scripturee.  ineventh 
rect^  and  extended  under  careful  Edit, 
revision.  With  4 Uapa  and  22  Wood 
and  Facaimilea.  4 vola.  Svo.  £3  18x  6a 

Bov.  T.  H.  Home’s  Compendions  J 
troduction  to  the  Study  of  the  Bible,  be 
an  Analysis  of  the  larger  work  by  the  sa 
Author.  Be-edited  by  the  Rev.  Jo 
Avbe,  M.A  With  Mape,  Ac.  Poet  8va 

The  Treasury  of  Bible  Knov 

ledge;  being  a Dictionary  of  the  B<x) 
Persona  Places,  Events,  and  other  Mattr 
of  which  mentioD  is  made  in  Holy  Sai’, 
tare ; intended  to  estaUiah  its  Aathcn; 
and  illuatrate  its  Contents.  By  Br. 
J.  Atbb,M.A  With  Mape,  18  Plata,  an 
numerous  Woodcuts.  Fcp.  10a.  U. 

Every-day  Scripture  Difficultia 

explained  and  iilnstreted.  By  J.  E.  Pais. 
ooxT,  M.A  Voi*  I.  AfottAev  and  JEdri; 
VouTl. EadcandAAa.  2 vola. Svo. 9a act. 
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nie  Pentatenoh  and  Book  of 

Josbaa  Critically  Ezarninad.  By  the  Right 
Rev.  J.  W.  CoLExao,  D.D.  Lord  Bishop  of 
Natal.  People's  Edition,  in  1 to),  crown 
8to.  6a.  or  io  6 Parts,  Is.  each. 

Vhe  Cbxiroh  and  the  World:  Essays 

on  Qaeetions  of  the  Day.  By  varioos 
Writers.  Edited  by  Rev.  Orbt  Shiplkt, 
M.A.  First  and  Skcomd  Sbribs.  2vo1s. 
8to.  15a  each.  Third  Series  preparing 
for  publication. 

Tracts  for  the  Day;  a Scries  of 

Esaays  on  'Dieological  Subjects.  By  rsrious 
Authora  Edited  by  the  Kcv.  Onuv  Siiir* 
IKT,  M.A.  I.  Priestly  Abeolutitm  Scrips 
trials  9rf.  II.  Ptrrpaintyt  9rf.  HI.  Tke  Smm 

Sacraments,  ls,Bd.  W.  JUireteUeanJ  Prajfcr, 
GdL  V.  Tht  Rea!  Preeenct,  Is.Zd,  VT.  tjasn- 
tMiry,  la  TIL  Unction  of  Me  Sick,  9d.  Till. 

^ TAe  Ruie  of  IForwhip,  Od,  IX.  Popular  . 
Rattoao/ifm,  9d. 

The  FoiTnation  of  Chriatendom.  | 

Part  I.  By  T.  W.  Alubs.  8vo.  12a 

Christendom’s  Divisions ; a Philo-  ; 

sophical  Sketch  of  the  Dirieiona  of  the  < 

' Christien  Family  in  Eaat  and  West.  By  j 
I EdmuruS.  Fpoitlkes,  formerly  Fellow  and 

TatorofJeana  Coil.  Oxford.  Post  8ro.  Tt.  6d. 

I Christendom’s  Divisions,  Part  II. 

Gretkt  and  Latint,  being  a lliatory  of  their 
Distentions  and  Orertnres  for  Peace  down 
to  (he  Reformetion.  By  the  same  Author. 
Post  8vo.  15r. 

The  Hidden  Wisdom  of  Christ 

and  the  Key  of  Knowledge;  or,  History  of 
I the  Apocrypha.  By  Ebrest  Dk  Blnser. 

2 voU.  8to.  28s. 

Tho  Keys  of  St.  Fetor;  or,  the  House  of 
Recbab,  connected  with  tlie  History  of 
Symbolism  and  Idi  latry.  By  the  same 
Anthor.  8vo.  Ma 

The  Temporal  Mission  of  the 

Holy  Ghost;  or.  Reason  and  Rerelation. 
By  Archbishop  Marriro,  D.D.  Second 
Kditinn.  Crown  8vo.  8<.  6<f. 

England  and  Chriatendom.  B.v  the  same 
Anthor.  Preceded  by  an  Introdnction  on 
the  Tendencies  of  Religion  in  England,  and  ! 
the  Catholic  Practice  of  Prayer  for  the  , 
Reetoretion  of  Christian  Nations  to  the  i 
Unity  of  the  Chnrch.  Post  8vo.  10a  6<f. 

Essays  on  Religion  and  Idtera* 

tore.  Edited  by  Arclibiahnp  Marriro, 
D.D.  First  SmiiiR,  8vo.  10a.  6<t  Secord 
SKRiEe,  Ha 


Essays  and  Beviews.  By  the  Ser. 
W.  Teuplk,  D.D.  the  Rev.  R.  Wiluams, 
B.D.  the  Rev.  B.  Powbli,  M.A.  the  Rev. 
H.  B.  WiieoR,  B.D.  C.  W.  Goodwir,  M.A. 
the  Rev.  H.  PAmaoR,  B.D.  and  the  Rev. 
B.Jowkit,M.A.  12th  Edition.  Fcp.(A 

Mosheim’s  Ecolesiastioal  History. 

Murdock  end  Soares’s  Translation  and 
Notea,  re-edited  by  the  Rev.  W.  Stubbs, 
M.A.  8 vola.  8vo.  48a 

Bishop  Jeremy  Taylor’s  Entire 

Works:  With  Life  by  Bishop  Hrber. 
Revised  end  corrected  by  the  Rev.  C.  P. 
Edbr,  10  vola  £8  8a 

Passing  Thoughts  on  Beligion. 

By  the  Antbor  of  ‘Amy  Herbert.’  New 
Bdition.  Fcp.  8t. 

Self-examination  before  Confirmation. 
By  the  same  Anthor.  82mo.  la  Bd, 

Beadlnga  for  a Month  Preparatory  to 
Confirmation  from  Writara  of  tha  Early  and 
English  Chnrch.  By  the  seroa  Fcp.  4a. 

Beadlnga  for  Every  Day  In  Ijent,  com- 
piled from  the  Writings  of  Bishop  Jbbkmy 
Tatlob.  By  tha  aama  Fcp.  8a 

Preparation  for  the  Holy  Commnnion ; 
the  DevoUona  chiefly  fVom  the  works  of 
Jkbkmt  Tatlob.  By  tha  aama  82mo.  8a. 

PrinoipleB  of  Education  drawn 
(bom  Natnrs  and  Revelation,  and  Applied 
to  Fomala  Education  in  the  tipper  Classes. 
By  the  same.  2 vola  fcp.  12s,  6<t 

The  Wife’s  Manual ; or,  Prayers, 
Thoughts,  and  Bongs  on  Several  Occasions 
of  a Matron’s  Lift.  By  the  Rev.  W.  Cal- 
ybbt,  H.A.  Crown  8vo.  10a  Bd, 

Lyra  Domestioa  ; Chrutian  Songs  for 
Domestic  Edification.  Trsnalated  from  the 
PtttKtry  and  Harp  of  C.  J.  P.  Spitta,  end 
from  other  sonrees,  by  Richard  Hassik. 
Fibst  and  Srcokd  SEBiEa,  fcp.  4a  6<f.  each. 

‘ Spiritual  Songs  ’ for  the  Sundays 

and  Ilolidayi  tbrooghont  the  Tear.  By 
J.  aS.  fi.  MoifSRLL,  LL.D.  Vicar  of  Egbam 
and  Rural  Dean.  Sixth  Thousand.  Fcp. 
price  4a.  6<f. 

The  Beatitudes : Abasoment  before  God  t 
Sorrow  for  Sin ; Meekness  of  Spirit ; Desire 
fbrHolioen;  GentlenesB;  Pority  of  Heart ; 
the  Peece-makers ; Sufferings  for  Christ. 
By  the  same  Author.  Third  Edition.  re> 
Tited.  Fcp.  8s.  Sdn 

Hie  Presence  not  hie  Memory,  IS:-.*;. 
By  the  same  Author,  in  memory  of  his  Sox. 
Fifth  Edition.  16mo.  1«. 
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I>yra  Q«nnanioc^  translMed  £com  the  | 
German  by  Uiaa  C.  Wdirwurtb.  Fibst  | 
ScRUa,  Hymna  for  the  Sondays  and  Chief  i 
Feativala;  Seoobd  SBBtn,  the  Christian  | 
Life.  Fcp.  3s.  6d.  each  Sbues.  1 

Hymna  firom  Iiyra  Oermanloa,  iStno.  is.  j 

Lyra  £uoharistioa  ; Hymns  and  I 
Verses  on  the  Holy  Commonion,  Ancient 
and  Modem ; with  other  Poema  Edited  by 
the  Bey.  Orbt  Shiplet,  H.A  Second 
Edition.  Fcp.  7s.  6<1 

Iiyra  Mesaianioa ; Hymns  and  Yenee  on  | 
the  Life  of  Christ,  Ancient  and  Modem ; 
with  other  Poems.  By  the  same  Editor. 
Second  Edition,  enlarged.  Fcp.  7a  6d.  | 

Iiyra  Myatiea ; Hymns  and  Versos  on  Sacred  ! 
Sabjecta,  Ancient  and  Modern.  By  the  | 
same  Editor.  Fcp.  7a  Cd. 


Lyra  Sacra;  Hytaxas,  Aaeiec  i 

Modem,  Odea,  and  FrmgmemiM  of  A; 
Poetry.  Edited  by  the  Ber.  B.  W.  Sen 
H.A  Third  Edition,  ervLasigwd.  Fcpi 

The  Catholic  Dootrine  of  : 

Atonement;  an  Hiatoncel  Ibubiij  in 
Derelopment  in  the  Chnrcii : srith  ac  jc 
dnction  on  the  Principle  aC  rha>< 
Derelopments.  By  H.  N.  it 

8vo.  8a  6d. 

Endeavours  after  the  Chnsa. 

Life:  Disconrses.  By  Jawws  Maann 
Fourth  and  cheaper  Edition,  ca.-^'^ 
vised;  the  Two  Series  complete  ic  ' 
Volume.  Post  8ro.  7s.  6<i 

Introductory  Lessonn  on  - 

History  of  Religioos  Worship;  k*:; 
Sequel  to  the  ‘ Lessons  on  Christiai  r 
dences.’  By  RicK.\nD  WaarEtr.  . 
New  Edition.  18mo.  2s.  M. 


Travels,  Voyages,  d'c. 


The  North-West  Peninsula  of 

Iceland;  being  the  Journal  of  a Tour  in 
Iceland  in  tlie  Summer  of  1862.  By  C.  W. 
SiiEPiiEno,  M.A  F.Z.S.  With  a Map  and 
Two  Illustrations.  Fop.  8vo.  7s.  Cd. 

Pictures  in  Tyrol  and  Elsewhere. 

From  a Family  Sketch-Book,  By  the 
Author  of  ‘A  Voyage  en  Zigzag,’  Ac. 
Quarto,  with  numerous  Illustrations,  21s. 

How  we  Spent  the  Summer;  or, 

a Voyage  en  Zigzag  in  Switzerland  and 
Tyrol  srith  some  Members  of  the  Aipiee 
Club.  From  the  Sketch-Book  of  one  of  the 
Party.  Third  Edition,  re-drawn.  In  oblong 
4to.  srith  about  800  lUustntions,  15s, 

Beaten  Tracks ; or.  Pen  and  Pencil 
Sketches  in  Italy.  By  the  Authoreas  of 
‘ A Voyage  en  Zigzag.’  With  42  Plates, 
containing  about  200  Sketches  firom  Draw- 
ings made  on  the  Spot.  8vo.  16s. 

Florence,  the  New  Capital  of 

Italy.  By  C.  It.  Wkl».  With  several  En- 
gravings on  Wooii,  from  Drawings  by  the 
Author.  Post  8vo.  12s.  6d. 

Map  of  the  Chain  of  Mont  Blano, 

firom  an  actual  Survey  in  186S— 1864.  By 
A Ajoaais-BEiLLT,  F.B.G.S.  HA.C.  Pub- 
liahed  under  the  Antbority  of  the  Alpine 
Club.  In  ChromoUthography  on  extra  stout 
drawing-paper  28in.  x 17in.  price  10s.  or 
mounted  on  canvas  in  a folding  case,  12s.  Sd. 


History  of  Discovery  in  x 

Australasian  Coloniea,  Australia.  Ttts- 
and  New  Zealand,  from  the  Earliest  Iha 
the  Preeent  Day.  By  Wiluaw  Hoef 
With  5 Maps  of  the  Recent  Ezpknt^ 
from  Official  Sources.  2 vols.  gru.  2k 

The  Capital  of  the  Tyooos;' 
Narrative  of  a 3 Tears’  Rcaidence  ia  Jw 
By  Sir  Buthebford  Alooce,  ICi 
2 vola.  8vo.  with  numerous  lllnstratioeaO 

The  Dolomite  Mountains.  Ei.~ 

sions  through  Tyrol,  Carinthis,  Caruioh.a- 
Friuli.  By  J.  Gilbkbt  and  G.  C.  Oro 
cuiLL,  F.R.Q.S.  With  numerous 
tioos.  Square  crosm  Svo.  21a 

A Lady’s  Tour  Hound  Monte  Boo. 

including  Visits  to  the  Italian  Tzik^ 
With  Map  and  Illostrationa  Poet  8n.  ik 
Onide  to  the  Pjrrenees,  for  the  w 

of  Mountainsen.  By  CnaBLES  Pam 
With  Maps,  Ac.  and  Appendix.  Fcp.  6z 

The  Alpine  Guide.  By  Jobe  Bil. 
M.R.L  A late  Preeident  of  the  AIpiM  Ckt, 
Poet  Svo.  with  Hapeand  other  Ulostntaci 
Guide  to  the  Bsetem  Alpe.  [diutntir. 
Guide  to  the  Western  Alps,  inclndhr 
Mont  Blanc,  Monte  Boee,  Zennatl,  it. 
price  7a  6<t 

Guide  to  the  Oberland  and  all  Ssritser- 
land,  axcapting  tha  Ncgghbooiteed  d 
Monte  Rosa  and  tha  Great  Sc  Btnari: 
srith  Lombardy  and  tha  atBetainc  swtks 
ofiyroL  7a6*  -v— perax 
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k.e  Englishman  in  India.  B7 

iiiABi.isa  Kaikks,  Esq.  C.S.I.  formerly 
lominisaionor  of  Lahore.  Poet  Svo.  7a  Gd. 

io  Irish,  in  America.  By  .Tohm  j 
rKAKCis  Magcirb,  M.P.  for  Cork.  Post 
ivo.  12j.  6tl 

he  Arch  of  Titns  and  the  Spoils 

of  tlio  Temple;  an  Historical  and  Critical 
Lecture,  vriih  Authentic  lIluairationA  liy 
WiAi.iAM  Knight,  M.A.  With  10  Wood- 
cuts  from  Ancient  KemainA  4to.  10a 

uriosities  of  London ; exhibiting 
the  most  Rare  and  Remarkable  Objecte  of 
Interest  in  the  Metropolis;  with  nearly 
Sixty  Year*’  Personal  Recollection  a By 
John  Tjmds,  F.S.A.  New:Edition,  cor- 
rected and  enlarged.  8vo.  Portrait,  21a 


Narratives  of  Shipwrecks  of  the 

Royal  Navy  between  1798  and  1857,  com- 
piM  from  Official  Documents  in  the  Ad- 
miralty by  W.  0.  8.  Gillt  ; arith  a Preface 
by  W.  S.  G11.1.T,  D.D.  3d  Edition,  fcp.  6s. 

Visits  to  Bemarkable  Places  : 
Old  Halls,  Battle-Fields,  and  Scenes  iilus- 
I trative  of  Striking  Passages  in  Engiish 
I History  and  Poetry.  By  Wiluam  Howitt. 
I 2 toIa  square  crown  8vo.  with  Wood  En- 
gravings, 25a 

I The  Biiral  Life  of  England. 

By  tbe  same  Author.  With  Woodcuts  by 
Bewick  end  Wiiiianu.  Medium  8vo.  12a  Gd. 

I 

I A Week  at  the  Land’s  End. 
By  J.  T.  Buout  ; aseieted  by  E.  H.  Rood, 
U.  Q.  Couch,  and  J.  Ralps.  With  Map 
and  90  WoodcutA  Fcp.  Ga  Grf. 


Works  of  Fiction. 


Pb.e  Warden : a Novel.  By  Amthomt 
TKotaiaors,  Crown  8vo.  2a  6<i. 

Barchester  Towers:  a Sequel  to  ‘The 
Warden.'  By  tbe  same  Author.  Crown 

8vo.  3*.  Gd. 

Stories  and  Tales  by  the  Author 

of  * Amy  Herbert,*  aoifonn  Edition,  each 
Tale  or  Story  complete  in  a single  rolnme. 

AmtHbrbbbt,  2s.6d  Katharimb  Ashtov, 
Gertruds,  2a  Gd,  3s.  Gd. 

Earl's  Dauortbb,  Makoarbt  Pbbci* 

2«.6d  VAL,  5«. 

KxPEHlEBCBOr  IsIFB,  LaVRTOX  PaRSOB* 
2«.6d.  I AOB,4j.6dl 

Clbvb  Ball,  3s.  $d.  ^ Ursula,  4s.  Sd. 

Ivors,  3s.  6d. 

A Qlimpse  of  the  World.  By  the  Author 
of  * Amy  UerberL*  Fcp.  7s. 

The  Journal  of  a Home  Life.  By  the 
same  .\olbor.  Post  8vo.  9.«.  CJ. 

After  Life;  a Sequel  to  the 'Journal  of  a Horae 
Life.'  By  the  same  Author.  Poet  8vc. 

[dVeoWy  rtad^. 

Gall  US ; or,  Roman  Sccnea  of  the  Time 
of  Augustas : with  Notes  and  Excunmaefl 
illttitrative  of  tbe  Manners  and  Customs  of 
tbe  Andeot  Romans.  From  the  German  of 
Prof.  Bkckbr.  New  Edit  Pott  8vo.  7s.  6d. 

CharioleB ; a Tale  Ulustratire  of  Private 
Life  among  tbe  Ancient  Greeks:  with  Notes 
and  Excarsnaea.  From  the  German  of  Prof. 
Bickbb.  New  Edition,  Poet  8vo.  7s.  Gd^ 


Springdale  Abbey  : Extracts  from 
I the  Letters  and  Diaries  of  an  Exolur 
, Prk.\chek.  8vo.  12s. 

t 

I The  Six  Sisters  of  the  Valleys: 

‘ an  Historical  Romance.  By  W.  Bramlbt> 
Mookk,  M.A.  Incambeotof  Geiranl's Croes, 
Bucks.  Fourth  Edition,  with  14  lUostralione. 
Crown  8vo.  5s. 

Tales  from  Greek  Mythology, 
j By  Geokgb  SV.  Cox,  M.A.  late  Scholar 
of  Trin.  Coll.  Oxon.  Second  Edition.  Sqoare 
I 16mo.  3s.  6cf. 

Tales  of  the  Goda  and  Heroes.  By  the 
same  Author.  Second  Edition.  Fcp.  os. 

Tales  of  Theboa  and  Argos.  By  the  same 
Author.  Fcp.  4s.  6<L 

A Manual  of  Mythology,  iu  the  form  of 
Question  and  Answer.  By  the  same 
Author.  Fcp.  3a 

Cabinet  Edition  of  Novels  and 

Teles  by  By  G.  J.  Wuttb  Mklvillb 

The  Qiadiatori : a Talo  of  Rome  and  Jnd«.i. 
Crown  8vo.  5s. 

Digby  Grand, 

Kate  Coventry,  Ss. 

General  Bounce,  u, 

Holmby  House,  ^s. 

I Good  for  Nothing,  Os. 

' The  Queen's  Maries,  6s. 

The  Interpreter,  a Tale  of  the  War. 
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Poetry  and  The  Drama. 


Moore’s  Foetioal  Works,  Cheapest  ] 
Editions  complete  in  1 toL  including  the 
Antobiographical  Preiaces  and  Author’s  last 
Notes,  which  are  still  copTiight.  Crown 
8vo.  ruby  type,  with  Portrait,  6s.  or 
People’s  Edition,  in  larger  type,  12s.  &d. 

Moore’s  Foetiool  Works,  as  abore,  Library 
Edition,  medium  8ro.  with  Portrait  and 
Tignottc,  14s.  or  in  10  vols.  ftp.  3s.  6d.  each. 

Moore’s  IiSUa  Bookb,  Tcnniel's  Edi- 
tion, with  68  Wood  Engravings  from 
Original  Drawings  and  other  Illustrations. 
Fcp.  4to.  21s.  I 

Moore’s  Irish  Melodies,  Maclise’s 
Edition,  with  161  Steel  Plates  from  Original 
Dniwinga  Super-royal  8vo.  31s.  6<f.  j 

Miniature  Bdition  of  Moore’s  Irish  | 

Afe/odias,  with  Maclise’s  Illustrations,  (as 

above)  reduced  in  Lithography.  Imp. 
16mo.  10s.  Od. 

Southey’s  Foetioal  Works,  with 

the  Author’s  last  Corrections  and  copyright 
Additions  Library  Edition,  In  1 voL 
medium  8vo.  with  Portrait  and  Vignette, 
14s.  or  in  10  vols.  ftp.  Ss.  Bd.  each. 

Isays  of  Ancient  Borne ; with  Irry 

snd  the  Armada.  By  the  Right  lion.  Loan 
Macaviat.  16mo.  4s.  6d. 

liord  Maosulay’s  Isays  of  Ancient 

Rome.  With  90  Illustrations  on  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  G.  SoHABr.  Fcp.  4to.  21a 

Miniature  Edition  of  Lord  Macaulay’s 
Lays  of  Ancient  Rome,  with  Scliarf’s  Il- 
lustrations (as  above)  reduced  in  Litho- 
graphy. Imp.  16mo.  10s.  Od. 

Foems.  By  Jkan  Ihoelow.  Twelfth 
Edition.  Fcp.  8vo.  6s. 

Poems  by  Jean  Ingelow.  A New  Bditlon, 
with  nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  the  Brothers 
Daucisu  Fcp.  4to.  21s. 

A Story  of  Doom,  and  other  Poems.  Ry 
Jkab  IjroEiAw.  Fcp.  5s. 

Foetioal  Works  of  Letitia  Eliza- 

beth Landon  (L.E.L.)  2 rola  16mn.  lOs. 

Flaytime  with  the  Foets : a Selec- 
tion of  the  best  English  Poetry  for  the  use 
of  Children.  By  a Ladt.  Crown  8vo.  6s. 


Memories  of  some  ContemporiL 

Poets ; with  Selections  from  their  rsfca. 
By  Emily  TaTlob.  Royal  ISma.  hw. 

Bowdler*s  Family  ShakspcKr 

cheaper  Gennine  Edition.  cocnp’>ete  lx  I - 

large  type,  with  36  W ot^cut 

price  14s.  or  in  6 pocket  Tola.  Ss.  6d  aa=. 

Shakspeare’s  Sonnets  never  ha 

fore  Interpreted  ; his  Prirate  Fnestda 
tl6ed ; together  with  a rwcOTcred 
of  Himself.  By  Gkrald  Mabskt.  twa,  . j 

Amndines  Caml,  sire  Moaamx  Ck 

tAbrigiensium  Lusua  CanorL  CoDwga  c 
edidit  H.  Daunr,  M-A.  Editio  Sexna.  s 
ravit  H.  J.  Hodosox,  ALA.  Crewu.  r 
price  7s,  6d 

Horatii  Opera,  Library  EdaiaL  W 
Copious  English  Notes,  Marginal  Beiitec 
and  Various  Readings.  Edited  by  Hal 
J.  E.  Toxgk,  M.A,  8ro.  21s. 

Eight  Comedies  of  AristophsTi^ 

ctz.  the  Achamisna,  KnighLs,  Coe. 
Wasps,  Peace,  Birds,  Frc^a.  and  P..sa 
Translated  into  Rhymed  Htltn 
LKOJtAnD-HAMrsoB  Rudd,  ALA.  8»aj 

The  .ffineid  of  Virgil  Tranalatcfir 

English  Verse.  By  JoHx  Cojnaer-a 
M.A.  Corpus  Professor  of  Latin  la  th*  Tt 
versity  of  Oxford.  Crown  8vo. 

The  Iliad  of  Homer  TmsAlaut 
into  Blink  Verse.  By  Iciiaboo  ('■mtmrm 
Wbioht,  M.A.  2 vols.  crown  8to,  2U. 

The  Hiad  of  Homer  in  Tengiic 
Hexameter  Verse.  By  J.  HaxaT  Dais 
M.A.  of  Exeter  College,  Oxford.  Sqts.- 
crown  8vo.  21s. 

Dante’s  Divine  Comedy,  tnmxx. 

in  English  Terza  Rima  by  Johw  Davaxs 
M.A.  [With  the  Italian  Text.  Mr 
BnmeUi,  interpaged.'}  Sets.  21s. 

The  Holy  Child.  A Poem  in  Fk: 
Csiitos;  siso  an  Ode  to  Silence,  and  ede 
Poema  By  S.  J imbeb,  M.A.  Fcp.  gva.  it 

Foetioal  Works  of  John  Edmusd 

Reade  j with  dnsl  Revision  and  Addiiuct 
8 volt.  ftp.  18s.  or  each  roL  separately,  k 
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Rural  Sports,  <^-c. 


•noyolopsedia  of  Rtiral  Sports  ; 

a Complete  Account,  Hiatorical,  Practical, 
and  DeecriptiTe,  of  Hunting,  Shooting, 
Fishing,  Racing,  Ac.  By  D.  P.  Blauce. 
With  above  600  Woodcuts  (20  from  Designs 
by  Joax  Leech).  8vo.  42s. 

3ol.  Bawker’s  Instmotions  to 
Tonng  Sportsmen  in  all  that  relates  to  Guna 
and  Shooting.  Reviaed  hy  the  Author’s  So!>. 
Square  crown  8ro.  with  illustrations.  18s. 

rhe  Rifle,  its  Theory  said  Prac- 
tice. By  Anruun  Walkeh  (79lh  High- 
landers), Staff,  Hytheand  Fleetwood  Schools 
of  Musketry.  Swnd  Edition.  Crown  8vo. 
with  125  Woodcuts,  6s. 

rhe  Dead  Shot,or  Sportsman’s  Complete  | 

Guide;  a Treatise  on  the  Use  of  the  Gun,  . 
Bog-breaking,  Pigeon-shooting,  Ac.  By 
HAaKSMArc.  Fcp.  with  Plates,  6s. 

A.  Book  on  Angling : being  a Com-  I 

plete  Treatise  on  the  Art  of  Angling  in 
every  branch,  including  full  Illustrated 
I.iatsof  Salmon  Flies.  By  Fn.tvcis  Frascis.  ' 
Second  Edition,  with  Portrait  and  16  other 
Plates,  plain  and  coloured.  Post  8vo.  1.5s.  | 

Bphemera’s  Handbook  of  Ang- 
ling : Teaching  Fly-flsliing,  Trolling,  Bot-  j 
tom-&shing.  Salmon-fishing ; with  the  I 
Natural  History  of  River  Fish.  Fcp.  6s.  I 

The  Ply-Pishor’B  Bntomology.  , 
By  Altekd  Roealds.  With  coloured  ' 
Representations  of  the  Natural  and  Artifi- 
cial Insect.  Sixth  Edition;  with  20  ' 
coloured  Plates.  8vo.  14s. 

Youatt  on  the  Horse.  Revised  and 
enlarged  by  W.  Watsos,  M.R.C.V.8.  8vo. 
with  numerous  Woodcuts,  12s.  Sd. 

Youatt  on  the  Bog.  (By  the  same  Author.) 
8to.  with  numerous  Wo^cuts,  6s.  | 


The  Cricket  Field ; or,  the  History 
and  the  Science  of  the  Game  of  Cricket.  By 
Jahbs  Ptckoet,  B.A.  4th  Edition.  Fcp.  6s. 

i The  Horse-Trainer’s  and  Sports- 

I man’s  Guide:  with  Onsiderations  on  the 
Duties  of  Grooms,  on  Purchasing  Blood 
Stock,  and  on  Teterinary  Examination. 
By  Dioby  Collus.  Post  8vo.  6s. 

Blue’s  Veterinary  Art : a Trea- 
tise on  the  Anatomy,  Phyaiology,  and 
Curative  Treatment  of  the  Diseases'  of  the 
Horse,  Nest  Cattle,  and  Sheep.  Seventh 
Edition,  revised  and  enlarged  by  C.  Steel. 
8vo.  with  Plates  and  Woodenta,  18;. 

On  Drill  and  ManoeuYres  of 

Cavalry,  combined  with  Horae  Artillery. 
By  Major-Gen.  MicitABL  W.  Smith,  GB. 
8vo.  12s.  6dL 

The  Horse’s  Foot,  and  how  to  keep 
it  Sound.  By  W.  Miles,  Eaq.  9th  Edition, 
with  lUuatrations.  Imp.  8vo.  12s.  6<i. 

A Plain  Treatise  on  Horse-shoeing.  By 
the  same  Author.  Post  8vo.  with  Illoatra- 
tions,  2s.  Bd. 

Stables  and  Stable  Fittings.  By  the  same. 

Imp.  8va  with  18  Plates,  16s. 

Bemarks  on  Horses’  Teeth,  addressed  to 
Purchasers.  By  the  sama  Post  8vo.  Is.  6d. 
The  Dog  in  Health  and  Disease. 
By  Stoeeheeoe.  With  70  Wood  En- 
gravinga  New  Edition.  Square  crown 
8vo.  10a  6d. 

The  areybonnd.  By  the  same  Author- 
Revised  Edition,  with  24  Portraita  of  Grty- 
hounda.  Square  crown  8vo.  21a 

The  Ox,  his  Diseases  and  their  Treat 
ment ; with  an  Essay  on  PaKnrition  in  ths 
Cow.  By  J.  R.  Dobsoe,  M.R.C.V.S.  Crown 
8vo.  with  Illustration^  7s.  6<f. 


Commerce,  Navigation, 

Banking,  Currency,  and  the  Ex- 

change! : a Practical  Treatise.  D/  Abthur 
Crdm?»  Bank  Manager,  formerly  of  the 
Bank  of  England.  Post  8vo.  6s. 

The  Elements  of  Banking.  Bj  > 
Hkmrt  Dujnmfo  Maclxod,  M of  Tri- 
nitj  College,  Cambridge,  and  of  the  Inner 
Temple,  Binlster-at-Lavr.  IVnt  8ro. 

iVirar/y  rca</y. 


and  Mercantile  Aflairs. 

The  Theory  and  Practice  of 
Banking.  By  Hreey  Dubni.vo  Macleod, 
j M.A.  UarrUter-at-Law.  Second  Edition! 

I sntirsly  remodelled.  2 vole.  8vo.  30s. 

A Dictionary,  Praotioal,  Theo- 
retical, and  Historical,  of  Commerce  and 
Commercial  Navigation.  By  J.  R.  M'Cul- 
LOCH.  New  Edition  in  the  press. 
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Elements  ot  Maritime  Inter- 
national Law.  Bv  WiLi.iAH  Dk  Burgh, 
U A.  of  th«  Inner  Temple,  Bairistcr-at-Law 
8»o. 

Papers  on  Maritime  Legislation; 

with  a Translation  of  the  German  Mercan- 
tile Lav  relating  to  Maritime  Commerce. 
By  Ebmst  Emil  Wirdt.  8vo.  10a. 

PraoUoal  Guide  for  British  Ship- 
maaters  to  United  States  Porta.  By  Pibb- 
KKroHT  Edwards,  Her  Britannic  Majesty’s 
Vice-Consul  at  New  York.  Post  8vo.  8s.  M. 


The  Law  of  Nations  Considets: 

aa  Independent  Political  Coenmonitisa  k 
Tsatbbs  Twub,  D.C.U  Bagia  Pnte 
of  Civil  Law  in  tba  CniTcnity  of  Oxix. 
2 rola.  8to.  SOa  or  sapantaiy,  Pasz  L Pv= 
12a.  Past  IL  ITar.  18a. 

A Nautioal  Dictionary, 
the  Technical  Langiaaga  raiatiTv  ta  ar 
Building  and  Equipment  of  Sailing  Tmti 
and  Steamers,  See.  By  Abthcc  Tors 
Second  Edition ; with  Platen  and  IM  Waa- 
cata  8to.  18s. 


Worh  of  Utility  and 

Modern  Cookery  for  Private 

Families,  reduced  to  a System  of  Easy 
Practice  in  a Series  of  carefully-tested 
Beceipta  By  Euza  Actor.  Newly  re- 
vised and  enlarged  i with  8 Pletee,  Figntee,  . 
and  160  Woodcuta  Fcp.  6a 

On  Food  and  its  Digestion ; an  ^ 

Introdaction  to  DietoUca.  By  W.  BBixrrON,  i 
U.D.  Phyaidan  to  St.  Thomu’t  Hospital, 
&C.  With  48  Woodcuta.  Post  8vo.  12s. 

Wine,  the  Vine,  and  the  Cellar.  ' 
By  Tromai  G.  Shaw.  Second  Etlition,  , 
rerised  and  enlsrged,  with  Frontispiece  and  i 
81  Ulastrations  on  Wood.  8to  16s.  i 

A Fraotioal  Treatise  on  Brewing ; 

with  Formol«  for  Public  Brewers,  and  In*  | 
stractioDs  for  Private  Families.  By  W. 
Black.  Fifth  Edition.  8vo.  10s.  6<£. 

How  to  Brew  Good  Beer : k com-  , 
plete  Guide  to  the  Art  of  Brewioft  Ale, 
Bitter  Ale,  Table  Ale,  Brown  Stout,  Porter, 
and  Table  Beer.  By  Johx  Pitt.  Reriaed 
Edition.  Fcp.  4s.  6dL 

The  Billiard  Book.  By  Captain 
Crawlky,  Author  of  * Billiards,  its  Theory 
and  Practice,'  &c  With  noarlylOO  Diagrams 
on  Steel  and  Wood.  8vo.  21a. 

Whist,  What  to  Lead.  By  Can. 

Third  Edition.  82mo.  Is. 

The  Cabinet  Lawyer;  a Popular 
Digest  of  tba  LsAwb  of  England,  Civil,  j 
Criminal,  and  Constitutional.  23rd  Edition, 
entirely  recomposed,  and  brought  down  by  ^ 
the  Author  to  the  dote  of  the  Parliamen* 
tary  Session  of  1867.  Fcp.  10s.  M.  \ 

The  Fhiloeophy  of  Health ; or,  so  , 

Expoaitioo  of  the  Physiological  and  Sanitary 
Conditions  conducive  to  Ilurosn  Loogerity  j 
and  Happineas.  By  Southwood  Smith, 
If.D.  Seventh  Edition,  revised  and  en- 
larged} with  118  Woodcuta.  8vo.  7s.  td. 

^ \ 


General  Information. 

A Handbook  for  Headers  at  dt 

British  Museum.  Bjr  Tbomaa  Kickra. 
Post  8vo.  6s. 

Hints  to  Mothers  on  the 

ment  of  their  Health  during  the  teem 
Pregnancy  and  in  the  Lyizig*tn  Eocm.  . 
T.  Bull,  ILD.  Fcp.  6s. 

The  Maternal  Management  ofChild^e 
in  Health  and  Disease.  By  the  sm 
Author.  Fcp.  6s. 

Notes  on  Hospitals.  By  Floadj 

Nxortifoalr.  Third  Editiocw 
with  IS  Plana.  Poet  4to.  18«. 

The  Executor's  Guide.  Br  J.C 

Hudson.  Enlarged  Edition,  revised  brdp 
Author,  with  refereoce  to  ihe  latvet  rtpew 
Cases  and  Acts  of  Parliament.  Fcp.  fis. 

The  Law  relating  to  Beoefi 
Building  Societies;  with  Practseal 
vationa  on  the  Act  and  all  the  Caaesdec»^ 
thereon,  also  a Form  of  Rules  and  Foma  k 
Mortgagee  By  W.  Tn>D  Pratt,  Barrie 
2nd  Edition.  Fcp.  8«.  6dL 
Willioh’s  Popular  Tables  for  a*- 

certaining  the  Value  of  LilMkold.  Lews 
hold,  and  Church  Property,  Rmrvi- 
Rnes,  Ac.;  the  Public  Fonda ; Aavta 
Average  Price  and  Internet  on  Conettls  fnm 
1781  to  1861  ; Cbemicel,  Oer*gi  sphkaL 
Astronomical,  Trigonometrical  Tat4^  he 
Post  8 VO.  10s. 

Beoimal  Interest  Tables  mt  Twenty 

four  DtfTerent  Rates  not  exceeding  Fivt  pw 
Cent.  Calculated  fur  the  use  of  Baakrv 
To  which  are  added  Commiaaioa  Tahim  ai 
One^ghth  and  Ooe-fouith  per  Cc^  B< 
J.  R.  Coultrakt.  New  Edition.  Sm. 

Maunder’s  Treasxiry  of  Know- 
ledge and  Library  of  Referciice : cnmprm^ 
aa  Engliab  Dictionary  and  Uranisnar,  CTah 
Tsrsal  Gasetteer.  Classical  Dictionary, 
oology,  Law  DicUooary,  Synopaia  of  ths 
Pasrage,  uasAil  Tablen  Fep^  tOa.  6d 
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(Sir  C.  R)  Works U 
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OwEir’s  Comparatirc  Anatomy  and  Physio- 
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Rogers's  Correspondence  of  Greyson 

Eclipse  of  Faith  

■ ■ Defence  of  Faith 

Essays  from  the  JSdinlmrgh  Rs- 

r*#ic  

Beason  and  Faith  

Booet’s  Thesaurus  of  English  Words  and 

Phrases 

Rosalds’s  Fly-Fhiher’s  Entomol'gy  \ 

Rowtos’s  Debater 
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